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Earth Systems Education ...
an Introduction by Victor J. Mayer

E arth Systems Education (ESE) isan effort toestablish
withinthe nation’s schools morc effective programs designed
1o increase the public's understanding of the Earth system in
which we all live. Opportunitics for resource development
and the environmental impacts of technical development call
for a well-informed public and science and technological
communitics equipped tomake knowledgeable decisions for
the public welfare of current and future generations. This
requircs an understanding of the various Earth systcms and
how they change through intcractions with each other.

Thc ESE cffort has grown out of thc foment of
science curriculum concerns precipitated by international
comparisons of student and adult litcracy and the lagging
American cconomic position rclative to its foreign
competilors. Several large cfforts such as Project 2061 and
Scope, Sequence, and Coordination are secking to restructure
American scicnce cducation through various approaches.
The ESE cffort is consistent with thosc approaches. However,
in the short term, 1i is simply an cffort to infusc modern
understandings of the Earth system into the science curriculum
K-12. In the long term, however, it has implications for a
complete restructuring of the science curriculum with the
Earth system providing the focus. Those working on the
Earth Systems approach take the position that science is,
after all, our effort 1o understand the planet on which we live
and our relationship to its environment in space. Why then,
should not the nation’s K-12 science curricutum more closcly
reflect that basic purposc of science, i.c., focus on the Earth
system as its subject?

This publication contains scveral related items. First
isthe Framework for Earth Systems Education that has been
developed over scveral years. It spelis out seven

understandings around which curriculum can be organized
and materials selected. As you read it you will note that it
departs significantly from frameworks developed at the
nationaland state levels. Firstitis shortandeasily “digested.”
Second, it doesn’t limit itself to the “traditional” science
understandings. There is alse a place for the aesthetic and
creative aspects of science. Understanding one focuscs on
those. The Framework also makes a streng statement about
personal respor sibility for the Earth system in Understanding
two. The second article“Earth Systems: Why and How” gocs
into some depth on the rationale behind the ESE effort and
the need for this approach in the nation’s schools. It also
summarizes bricfly some of the ¢fforts underway and some
of the problems that can be forcseen in the .my lementation
of an intcgrated scicnce curriculum based ou Earth Systems
Education.

Thc next scction of this publication has bricf
descriptions of several projects that contribute (o the ESE
cffort. Itis followed by several articles that have appeared
in The Science Teacher that discuss ccriain aspects of ESE
and provide hints and ideas for classroom activitics and
rCSOurces.

W hope that this publication will provide in-depth
information for those intcrested in Earth Systems Education
and a beginning for local, staic and national development
cfforts. We feel it has implications for all curriculum
restructuring cfforts and would encourage those working
through Project 2061, Scope, Scquence, and Coordination
and other national, statc and local level curriculum revisions
to considerincorporating aspects of Earth Systems Education
into their work. Larth Systems Education: Origins and
Opportunities has beendesigned toassist such incorporation.

o e o
I ORI St S,

illustration by Nancy Baker-Cazan, 1990 PLESE Participant

5




Frameworlk for Earth Systems
Education

Background

¢ arc in an cra of great concern regarding the
health of science education in our nation’s schools resulting
from a varicty of national and international studics of Ameri-
can student and adultunderstanding of basic science concepts.
We are also being presented with almost daily reminders of
the results of abuse and negiect of our Earth systems such as
global warming, ozonc depletion and problems of hazardous
waste disposal. Our conlinuing dependence on oil as an
cnergy source has worldwide political repercussions. Allare
cvidence of the general public’s ambivalence toward science
and 4 lack of understanding of what scieuce s telling usabout
the Earth system. Thus therc is an immediatc need Lo
restructure the sci-
ence curriculum to

In September 1985 a meeting of cducators and
geoscientists, supported by agrant from the National Scicnce
Foundation (NSF), met at American Geological Institute
(AGI) hecaddquarters in Alexandria, Virginia. Participants
concluded that the top priority for improving Earth systems
content in scicnce curricula was the development of a K-12
syllabus. If endorsed by both the science and science educa-
tion communitics, such a syllabus would have a positive
impacton textbooks, state and national tests, and curriculum
guides.

S cience cducators and science agency representa-
tives at a series
of meetings held

cnsure that present
and future citizens
will be scientifically
literate—that they
will understand the

"There is an immediate need
to restructure the science curriculum

in Washington
D. C. during the
autumn of 1987
concluded that
the first step in

inerrelationship be-  §0 ensure that present and future citizens  developing such

tween science, tech-
nology, and sccicty
and the impact that

will be scientifically literate."

a syliabus was to
hold a confer-
ence of eminent

their actions have
upon our home, the Earth.

Rsponding to the concerns about the level of un-
derstanding of science in our schools and socicty are several
on-going curriculum renewal cftorts including Project 2061
of the American Association for the Advancement of Sci-
ence and the Scope, Sequence and Coordination effort of the
National Scicnce Teacher’s Association (NSTA). Projects
such as these have stimulated interest among science teach-
ers und administrators in re-examining what and how we
tcach science. There is a concern, however, that current
cfforts may focus too narrowly on the cor.cepts and processes
of the traditional scicnce disciplines of biology, chemistry
and physicsand thus fail to effectively relate science concepts
and processes 1o the Earth system from which they are
derived and within which they operate and interact. If that is
indeed the case such efforts may contribute to the continued
abuse and neglect of the planct Earth systems rather than
crcate the understanding of those systems which could lead
toinformed political and economic decisions on the wisc use
of resources of land, air and water.

geoscientists. A
conference was therefore scheduled for April, 1988. Partici-
pating scicntists were identificd from various agencics
including the National Aeronautics and Space Administra-
tion (NASA), the National Ocecanic and Atmospheric
Administration (NOAA), and the United States Geological
Survey (USGS) and from scveral academic institutions. An
equal number of cducators representing clementary, middle
and high schools and lo~al and state school administrations
participated in the conference held in Washington and spon-
sored by AGland NSTA with support from NSF. Conference
participants identificd components of our current knowiedge
of planct Earth that should be included in K-12 cumicula.
This four and a half day conference focused on identifying
those goals and concepts about Planct Earth that every 17-
yearold should know when completing pre—college education.

Discussions held with various scientists, tcachers,
and scicnce educators at meetings of the NSTA over the two
years following the conference resulted in the evolution of
the Earth Systems Education program and a proposal to the
NSF for support of The Program for Leadership in Earth
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Sysiems Education (PLESE) which was funded in carly
1990. The concepts and goals that resulted from the 1988
conference, along with an analysis of Earth systems concepts
from Project 2061's Science for Al nericans were com-
bined and submitied to the Planning Commitice of PLESE
meeting at The Ohio State University in May, 1990. The
committee consists of ten individuals representing science
tcachers, geoscientists and college science cducators. The
major objective of this meeting was to develop a framework
tobe used during the PLESE summer workshops as a basis for
developing syllabi and identifying teaching matenials. The
result of this five day meeting is given in the following
Framework now being uscd as the conceptual basis for the
PLESE program and other efforts in Earth Systems Educa-
tion.

The Framework

Understanding #1: Earth is unique, a planet of
rare beauty and great value.

® The beauty and value of Earth arc expressed by and
for people through literature and the arts.

® Human appreciation of planct Earth is enhanced by
a better understanding of its subsystems.

& Humansmanifest their appreciation of Earth through
their responsible behavior and stewardship of its subsystems.

Understanding #2: Human activities, collective
and individual, conscious and inadvertent. are
seriously impacting planet Earth.

® Planct Earth is vulnecrable and its rcsources are
limited and susceptible 10 overuse or misusc.

® Continucd population growth accelerates the deple-
tion of natural resources and destruction of the environment,
including other species.

® When considering the use of natural resources,
humans first nced 10 rethink their lifestyle, then reduce
consumption, then rcusc and recycle.

® Byproducts of industrialization pollute the air, land
and water, and the cffcects may be global as well as near the
source.

@ The better we understand Earth, the better we can
managc our resources and reduce our impact on the environ-
ment worldwide.

Understanding #3: The development of scientific
thinking and technology increases our ability to
understand and utilize Earth and space.

® Direct observation, simple tools and modem tech-
nology arc used 1o create, test, and modify models and
thecories that represent, explain, and predict changes in the
Earth sysicm.

® Historical, descriptive, and empirical studics arc
important methods of icarning about Earth and space.

® Scicntific study may lead 1o technological advances.

® Recgardiess of sophistication, technology cannot be
cxpected 1o solve all of our probiems.

@ The use of technology may have benefits as well as
unintended side effects.

Understanding #4: The Earth system is composed
of the interacting subsystems of water, land, ice,
air, and life.

& Thcsubsystems are continuously changing through
natural processes and cycles.

® Thesunis the major source of encrgy that drives the
Earth system.

® Each componcntof the Earth sysicm has character-
istic propertics, structure and composition, which may be
changed by interactions of subsystems.

® Platc tectonics is a theory that explains how forces
and heat causc continual changes within Earth and on its
surface.

® Wecathering, crosion and deposition continuously
reshape the surface of Earth.

® The presence of life affects the characteristics of
other systems.

Understanding #5: Planet Earth is more than 4
billionyears old and its subsystems are continually
evolving.

@ Earth’scycles and natural processes take placc over
time intervals ranging from fractions of seconds to billions of
years.

® Materials making up planct Earth have been re-
cycled many times.

® Fossils provide the evidence that life has evolved
interactively with Earth through geologic time.

® Evolution is a theory that explains how lifc has
changed through time.

o




Understanding # . Earthis a small subsystem of
asolar system within the vast and ancient universe.

® Allmaterial in thc universe, including living organ-
isms, appears to be composed of the same clements and to
behave according to the same physical principles.

® Allbodies in space, including Earth, are in{luenced
by forcesacting throughout the solar sysiem and the universe,

@ Nine plancts, including Earth, revolve around the
sun in nearly circular orbits.

® Earthisasmall planct, third from the sun in the only
system of plancts definitely known o exist.

® The position and motions of Earth with respect to
the sun and moon determine scasons, climaces, and tidal
changes.

® The rotation of Earth on its axis determincs day and
night.

Understanding #7: There are many people with
careers that involve study of Earth’s origin, pro-
cesses, and evolution.

®  Teachers, scicntists and technicians whostudy Earth
arc employcd by businesses, industries, government agen-
cies, public and private institutions, and as independent
contractors.

® Carcersin the sciences that study Earth may include
sample and data collection in the ficld and analyses and
cxperiments in the laboratory.

@ Scicntists from around the world cooperate and
collaborate using oral, written, and clectronic means of
communication.

® Some scientists and technicians who study Earth
use their specialized understanding to locate resources or
predict changes in earth systems.

® Many people pursuc avocations related o planct
Earth processes and malcrials.

System/Subsystem Defined

Any collection of things that have some influence on
one another and appear to constitute a unified whole can be
thought of as a system (AAAS, p. 123).... Any part of a
system may itself be considered as a system - a subsystem -
with its own intcrnal parts and intcractions (AAAS, p. 124).
Thus Earth can be considered a subsystem of the solar
system, or the atmospherc as a subsystem of the Earth system,

(o
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Why and How

Introduction

Thc scienceeducationcommunity has been confronted
with an avalanche of s.udies and surveys scemingly
demonstrating the inadcquacy of the nation’s scicnce
curriculum and how itis delivered. In the face of the veritable
storm of concern that has arisen in the wake of these studies
several cfforts arc now underway to radically change the
content and organization of the curriculum. They include
Projecct 2061 of thc Amecrican Association for the
Advancement of Science (AAAS) and the Scope, Sequence
and Coordination project of the National Science Teachers
Association (NSTA). A rclated cffort is the Earth Systems
Education program centered at The Ohio State University
and the University of Northem Colorado. Its philosophy and
approach o science content is consistent with the larger and
better known national projects, but differs in significant
respects. A major difference is the focus on planct Earth as
the connecting subject of the science curriculum. This article
describes the rationale for Earth Systems Education, its
history and importance, and implications for rescarch and
further development that have proceeded from initial
implementation cfforts.

Science Literacy

Thc many siudics that have focused concern on our
science programs are similar in their sources of information
arnd data. They include attempts at measuring science
understanding through paper and pencil tests, or in the casc
of Jon Miller’s studicsof adult literacy, telephonce intervicws.
The limitations of such informatior gathering procedures for
identifying underlying understandings of scicnce processcs
a.ad procedures are well documented in the science education
literature, cspecially thosc dealing with naive theories and
misconceptions. Caution should be excercised therefore in the
ready acceptance of such data as indicative of the failures of
the science curriculum and teaching methods.

Other types of information that have been cited as
indicating deficicncies in our cducational system include
those relating to our apparcnt declining position in the world
economic community. If such adecline canindeed be linked
to failures in our cducational system then there is some
substantial performance based cvidence of the sysiem’s
failings. Again, onc must exercise caution in the uncritical

U
C .

acceptance of suchmeasures of cducational success. However
onc views thc data cited in support of science cducation
deficiencies there is certainly need for the restructuring of a
system that hasn’t changed appreciably in the last 100 years.

Earth “Literacy”

Pcrformance based cvidence of a naturc similar to
that demonstrating our economic decline also occurs in
another realm; the prevailing cconomic and political
atmosphere which has resulted in the species-threatening
deterioration and resource depletion of our Earth system. If
our scicnce curriculum successfully prepares citizens to
understand science as a rational attempt to learn about our
planctand its cnvirons, we should have Earth litcrate physical
scientists, engincers,economists, politicians and industrialists
who understand the retationships between the processes that
scicntists have identificd and whichengineers have harnessed
for cconomic and defense purposes, and the Earth subsystem
from which thcy were derived. Can this be the case when
industrialists, cncouraged by their chemists and engincers,
until recently recommended the continued use of CFCs and
the growing and incfficientuse of fossil fucls? If ourbusiness
and political lcaders were Earth literate and understood the

"...many of our leaders in science,

industry, and politics fail to
demonstrate by their
leadership actions an adequate
knowledge of the Earth system.'

rclationship between specics diversity and the well-being of
the biospherc with its implications for futurc human health
and long range economic well-being would we be destroying
the rain forests of the Pacific Northwest for short term
cmployment, economic and political benefits? Would our
politicians forsake long-range encrgy policies that would
reduce our dependence on oil with its implications for global
warming if not world political and “defense” relationships if
our political leadership were Earth literatc? Not only are we

11




hecoming a scicntifically illiterate country, but cven morc
distressing is that many of our leaders in science, industry and
politics fail to demoustrate by their leadership actions an
adequate knowledge of the Earth system. They do not scem
10 be “carth literate."

The performance basedtype of cvidencecited above
is supported by the various national and intcrnational studics
of science achievement and adult scientific literecy. Jon
Miller (National Scicnce Board, 1989), for cxample, found
that fully 63% of American adults believe that dinosaurs
coexisted with carly humans. Responding toanotherquestion,
65% were confused as to the causc of day and night. Also
fully 54% belicved that creationism was aticastas scicntifically
credible for explaining the origin of the human species as
cvolution. That individual physical scientists can be Earth
illiterateisillustrated by ananticlepublished inSchool Science
und Mathematicscntitled *On Darwin’s Theory of Evolution,”
:n which the writer, a professor of physics, cites the typical
creationist argurnents against evolutionary theory. He uses
the common creationist technique of citing out-of-context,
partial quotes of scicntists such as Gould and Eldredge in
questioning the theory of evolution (Aviezer, 1988).

No systematic data on Earth literacy have been
collected from our political lcaders. However, the following
cxcerpt from Newsweek (p. 54, April 9, 1990) is revealing.
Vice-President Quayle, who is also chairman of the National
Space Council, is quoted in response to the question, Why
send astronauts to Mars?:

We have scen piciures where there are canals, we
belicve, and water. If there’s water, that means
there’s oxygen. If oxygen, that means we can
breathe. And therefore, from the information we
have right now, Mars clearly offers the best
opportunity to see if a man or a woman can bc able
to survive on that planet.,

Our nation’s students are cquatly as unprepared to
make decisionsregarding Earth processes. Understanding of
Earth scicnce concepts in the “six nations study” completed
by the Educational Testing Service placed the United States
in 4 last place tie with Ircland with 61% of items answered
correctly (Lapointe et al., 1989). The summary of results
from the 1984 National Assessment of Educational Progress
(NAEP) indicated that whereas declines in other arcas of
sciecnce achicvement of 17-ycar-olds may have been arrested,
problems in Earih scicnce knowledge remained:

Mastery of biology items fcllat the same ratc as 1977,
although the decline is no longer statistically
significant. Declines in physical science appear 1o

have leveled off, but Earth science and intcgrated
topics are areas of concern; declines in both clusters
arestatistically significant (Hucftlc, Rakow and Welch,
1983).

Analysis of the most recent NAEP results found nothing to
indicate a turn-around had occurred. In fact performance on
Earth science questions dropped another 4 or 5 percentage
points (Lapointe ct al., 1989).

Misrepresentation of the Nature
of Science in Curricula

Tlc history of the devclopment of our science
cstablishment is intimately intertwined with perceived needs
for military, defense and industrial applications. Funding for
research, whether irom national treasuries or from industrial
pockets, has invariably been tied to the demonstration of
short term benefits to the ecconomy, defense, or intemational
status. This has had amajorimpacton the type of science that
has been conducted, not only in the United States but
throughout the world. Onc result has been the cmphasisupon
a deterministic and reductionist paradigm for science where
the isolation and study of specific utilitarian physical or
biological processes has been the major goal of investigation.

"The commonly held image of science
therefore is that of
controlled laboratory experiments
conducted by a white balding
man wearing a white lab coat."

Alihgugh theinitial observation and description of phenomena
nas been fundamental in this process, the primary emphasis
isonthe study of the phenomenathrough rigorously controlled
experimental techniqies. The relatively vast amount of
politcal and financiai support available to this phase of
scicnce has resulted in the historical and descriptive
methodologies being ignoted and downgraded. They do not
produce the economic and military benefits of the “‘hard”
science approach. After all, of what practical use is an
undcrstanding of the cvolution of trilobites or of the
devclopment of cordnents and ocean basins?
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Aruitoxt provided by Eic:

The commonly held image of science thercfore is
that of controlled laboraiory exneriments conducted by a
white balding man wearing a whitc lab coat. Every comnonent
of this image is, of course, wrong. The most far rcaching
impact of scientific investigation on our intellectual and
cultural lives has been the result of investigations using
historicaland descriptive methodologics. They includcamong
others the heliocentric solar system, the expanding universe,
organic cvolution, decp time, plate tectonics, and most
rccently, global climate change.

"We have inherited an ancient and
irrelevant high school science
curriculum.”

The scicnce community is now in ¢ -cat {lux because
of the rapidly emerging understanding of the complexity of
Earth systems. The “hard” science approach alonc is unablc
1o provide adequate insight into the complex processes of the
Earth system. illustrating the severe limitations of reductionist
scicnce forstudying processes as they occur in the real world.
Chaos, amathematical theory born in the 1960°s in large part
from Edward Lorenz's attempts to produce more accurale
weather forecasting models, has seized the mathematical and
scicnce communities with what may become the major
scientific revolution of our timne (Gleick, 1987). It has the
power to chanee how scicntists view not only the world in
which we live but how wc think about it and how we
investigate it.

Chaos theory cvolved out of historical-descriptive
scicnce ad mathematics, and until recently at lcast, has been
resisted by many of those committed to the traditional
deterministic and reductionist approaches used in the physical
sciences.  We sce in this development and the growing
acceptance of chaos theory the closing of a circle by the
“hard” scientists. The lincar approaches to science they have
championed criginally cvoived out of the matrix of the
natural scicnces. Now with their return to the non-lincar real
world of the watural scicntist they bring the mathematical
tools that can assist in providing a deeper understanding of
our Earth system.

Little of the excitement of scicnce enters our
classrooms, andlittlc of its fascinating complexity as illustrated
by chaos theory, punctuated equilibrium, earthquake or
weatherprediction, orthe historicai developmentof continents
is afforded our brightest students. Instead, the naturc of

homd
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science continues to be inaccurately portrayed in cvery
classroom in our country. Elementary, middle school and
high school studeats lcarn that unless a person doces
cxperiments she is no! a scientist. Steven Gould commented
on this deep seated biax against the historical sciences in his
article, "Evolution and the Triumph of llomology, or Why
History Matters."

Historical science is still widely misunderstood, under-
appreciated, or denigrated. Most children first mect
science in their formal education by learning about a
powerful mode of rcasoning called “the scientific
mcthod.” Beyond a few platitudes about objectivity
and willingness to change cne’s mind, students learn
a restricted stercotlype aboul observation,
simplification to tease apart controlling variables,
crucial experiment, and prediction with repetition as
atest. These classic “billiard ball” modes of simple
physical systcms grant no uniquencss 1o ime and
objcct—indeed, they remove any special character as
aconfusing variable—-lest repeatability undercommon
conditions bc compromised. Thus, when students
later confront history, wicre complex cvents occur
butonce indetailed glory, they can only conclude that
such a subject must be less than science. And when
they approach taxonomic diversity. or phylogenctic
history, or biogeography-— where cxperiment and
repetition have limited application tosystems intoto-—
they canonly coniclude that something beneath science,
something merely “descriptive,” lics before them
(Gould, 1986).

The misrepresentation of scicnce that pervades the
science curriculum bears bitter fruit in the misunderstanding
rampant among the American public of basic concepts such
as cvolution and the lack of objectivity among the political
and busincss teadership when confronted by issucs such as
acidrain, global warming or deforestation. An understanding
of these issucs is dependent upon the historical or descriptive
mcthodology of science.  An example of this lack of
understanding of the descriptive and historical sciences
occurrmd rccently when the President’s Chief of Staff began
1o question the mounting cvidence for global warming. John
Sununu, trained as an cngincer, called into question the
quality of that data by classifying scientists working on
global change with the pejorative (in his mind) label of
“cnvironmentalists,” and declared his intent to develop his
own global change model, thus, presumably, using the so-
called “hard” or lincar sciences to “prove” the
*“environmentalists” wrong.
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Science Curriculum Ignores Planet Earth

Wc have inherited an ancient and irrelevant high
school science curriculum. Its influence has permeated into
the carlier grades negatively affecting the middle school
curriculum, which nceds to prepare students for high school,
and the clementary school science curriculum, which of
course, needs o prepare students for the middle school.
Originally established by the Committec of Ten of the National
Education Association in 1893 as thc college preparatory
curriculum in science, the so called “layer cake” of Physical
Geography, Biology, Chemistry, and Physics has over the
past 100 ycars changed in only one respect—the cffective
climination of thc onc layer that dealt in somc respect
holistically with the Earth system-—Physical Geography.
Despite the curriculum renewal efforts of the 1960’s the
cssence of the science curriculum today is little different than
that establishcd by the Commiitee of Ten in 1893, It is the
semblance of whal scicnce was in the latter 19th century with
a thick, almost impcnetrable overlay of modern facts and
definitions, notatall appropriate for the economic, global and
cnvironmental challenges facing our citizenry today and in
the near future.

Is it any wonder therefore that our students and
citizens are ignorant of the planct on which they live? lIris
Weiss (1987) in her longitudinal studics of science tcaching
has documented some of the problems in K-12 science
cducation. She found that only 15% of clementary tcachers
were comfortable with their knowledge of Earth science,
while 27% were comfortatie in lifc science knowledge, and
67% in mathcmatics. This is undcrstandable because the
Wociss data also indicate that only 44% had completed onc or
more college courses in Earth science, while 72% had
completed the same in physical scicnce and 86% in life
sciences. Most clementary tecachers will emphasize those
topics they understand. Therefore litticis taught inclementary
school about the Earth systcm or our relationships within it
and rcsponsibilitics toward it.

Atthemiddie school level the situation is somewhat
better. About 70% of our children have the opportunity of
taking an Earth science course during one of the three junior
high school years. Most of the remainder will take general
scicnce which normally includes some Earth science content.
The quality of the Earth science taught in junior high school
comes inlto question, however, when cxamining the

.preparation of the teachers of these courses. Sixtly-three
percent had three or fewer courses in the Earth sciences
compared with the physical sciences, where only 15% had
taken three or fewer courses. Of the three science content
arcas, junior high teachers are by far most poorly prepared in
the Earth sciences.
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The most serious problem, however, isin the senior
high school. According to Weiss’ data less than three percent
of thcuation’ ssenior high school students have the opportunity
of taking a course in onc of the Earth sciences. This might not
be a problem, if the concepts of the Earth sciences were
covered in the traditional physical science courses of chemistry
and physics. This would seem rcasonable since Earth
scicnce is often lumped in with the physical sciences. A
recent analysis of the most used textbooks in those subjects,
however, revealed that Chemistry, published by Heath in
1987, had less than 25 pages of a total of 670 devoted in some
way to the mention of the Earth system. Chapters 1'and 2
which dealt with water and cnergy did not contain a single
substantive reference to an Earth subsystem. Physics,
published by Merrill (1986) had oniy five pages of a total of
549 which dcalt somchow with an Earth subsystem.
Conceptual Physics (Addison Wesley, 1987)did muchbetter,
but still only 26 pages of a total of 622 dealt with the Earth
system. If thetopicsarcnot covered in the textbook, then they
arc mostlikely not being covered in the courses in physics and
chemistry. Weiss’ data (1987) indicates that 93% of all high
school scicnce classcs usc a standard published textbook.
The 1986 NAEP data (Horizon Rescarch, Inc., 1989) indicatc
that in the 11th grade, 70% of the students reported rcading
the textbook in class atleast once a week, with 28% reporting
rcading the book every day in class. When asked if they ever

"Our future scientists, politicians,
economists and business leaders do not
have an opportunity, therefore, to take a

science course offered at the level of
sophistication appropriate for bright
high school students that would inform
them about the planet on which they
live."”

rcad articles about science in class, 399% said never, and 26%
said less than once a weck. The most frequently reported
classroom activity was “solving science problems.” Seventy-
two percentreported doing this at least once a week with 30%
reporting doing it every day. This is probably “doing the
problems at the end of the chapter.” Thus the available data
strongly suggest that at the senior high schooi level, the
textbook determines the curriculum, reinforcing the belicf
that little is donc at that level to acquaint our science students
with Earth system concepts and processes. Our future




scientists, politicians, economists and busiress leadersdonot
have an opportunity, therefore, 10 take a science course
offered at the fevel of sophistication appropriate for bright
high school studenis that would inform them about the planct
on which they live.

Earth Systems Education:
A Movement Toward Solution

incethe curriculum revisions of thelate 1960s there
have been tremendous advances in the understanding of
nlanet Earth from the application of high technology in data
gathering by satellites and data processing by supercomputers,
Asarcsult, Earth scientists are in the process of reinterpreting
therelationships between the various subdisciplines and their
mode of inquiry. Thesc changes arc documented in the
“Bretherton repont,” developed by a committee of scientists
representing various government agencies with Earth science
rescarch mandates (Earth System Sciences Committee, 1988).
This reconcepiualization of the process and goals for study of
planct Earth has been termed Earth System Science. It
provides a conceptual basis for rethinking, not only what
should be taught in traditional Earth science courses, but the
fabric and organization of the total K-12 science cuiricuium
as well,

The Earth System is a constantly changing cntity.
Changes occur on two time scales. Onc set occurs on a scale
of millions of years ai.d is illustrated by processes such as
plate tectonics and organic evolution. The otheroccurs on the
time scalc of decades and centuricsand is illustrated by global
warming and acid rain. These latter changes arc dramatically

"Why shouldn’t the science curriculum
therefore be organized around the
subject of science, the Earth system?"

influenced by the world’s human population, an ever more
influcntial component of the biosphere. Anunderstanding of
these short term global changes is essential for the health of
future generations of humans and of the planct as a whole.
Thercfore there is a powerful case for making the Earth
systcm a central organizing theme for future K-12 science
curriculum development. There is another reason as well.
Science, after all, is fundamentally our attempt to understand
our habitat and how we camc to be a part of it; in
other words, our attempt to understand our Earth system.
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Why shouldn’t the science curriculum therefore be
organized around the subject of science, the Earth sysiem?

Project 2061 is thc major attempt thus far in laying
the basis for a reconceptualization of the contentof the K-12
science curriculum. Its report of Phase I (AAAS, 1989) has
heavily influenced the recently completedCalifornia
Framework (Science Curriculum Framework and Criteria
Committee, 1990) which is being considered as a possible
medel of science curriculum by over 20 state departments of
education. Project 2061 has also been adopted by the NSTA’s
Scope, Sequence, and Coordination cfiort aimed at
restricturing the nation’s science curriculum, Phase I of
Project 2061 was being developed about the time of the
publication of the Bretherton report. None of the scicntists
working on that report were involved in Project 2061. Little
of their thinking about the nature of scicnce and the planct that
is its most important subject is contained in Science for All
Americans nor, consequently, the California Framework. In
the minds of many, this failure to include a central role for
planct Earth is a serious omission from documents that may
very well determine the future shape and content of scicnce
curriculum in this country.

""...this failure to include a central role
for planet Earth is a serious omission
from documents that may very well
determine the future shape and content
of science curriculum in ihis country."

When it became clear that curriculum restruciuring
cfforts might again ignore planct Earth and focus on the
deterministic and reductionist model of science,aconference
of geoscicntists and educators was organized and took place
in Washington, DC, during April, 1988. The forty scientists
and educators, including many scientists from the agencics
contributing to thc Bretherton Report, met over a period of
five days. Through small group interaction techniques they
developed a preliminary framework of four goals and en
concepis from the Earth sciences that they felt every citizen
should understand (Maycrand Armstrong, 1990). The content
of this framcwork was considcred by the Project 2061 staffin
the development of their final report. Through the work of the
conference participants and subsequent discussions with
teachers and Earth science educators atregional and national
mectings of the NSTA, a ncw focus and philosophy for
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science curriculum has emerged called Earth Systems
Education.

In Spring of 1990, the Teacher Enhancement
Program of the National Science Foundation awarded a grant
to The Ohio State University {or the preparation of leadership
teams in Earth Systems Education— PLESE, the Program for
Leadership in Earth Systems Education. The objective of the
program is to infuse more content regarding thc modemn
understanding of planct Earth izto the nation’s K-12 science
curricula. Cver the four years of the g1 snt some 60 teams, at
Icast one from each of the 50 states, will be prepared in the
philosophy of the program, gather curriculum resources, and
learn to organize and lcad workshops. They will infuse Earth
systems concepts into their own curriculum and assist other
tcachers K-12 in their states to do likewise.

""The objective of the program is to
infuse more content regarding the
modern understanding of planet Earth
into the nation’s K-12 science
curricula."

Inpreparation for this program, the PLESE planning
committee comprised of ten teachers, curriculum specialists
and geoscientists, metin Columbus in May, 1990, to develop
a conceptual framework. Preliminary work included the
analysis of the Project 2061 report for content relating to
Earth systems. This analysis combined with the results of the
April, 1988, conference was submitted to the committee.
Over a period of five days the committee developed a
Framewoik for Earth Systems Education consisting of scven
understandings (sec p. 7). These undcerstandings provide a
basis for the PLESE tcams (o construct a curriculum guide for
their arcas of the country. and for selection of existing
malcriais for implementing Earth systems cducation in their
areas. Once prepared, tcams conduct Earth SystemsEducation
workshops in their states and locales.

The Earth Systems Education Framework also has
implications for the nation’s science curriculum. It departs
sigmificantly fro:n Project 2061 and the California Framework
in its rationalc and its focus. The first understanding
cmphasizes the acsthetic values of planct Earth asinterpreted
in art, music and literature. It stresses the creativity in the
human spirit and how that creativity hes perceived and
represented the planct on which we live; a creativity that is

also essential to the proper conduct of science. By focusing
on students’ feelings toward the Earth systems, the way in
which they expericnce and interpret them, students are drawn
into a systcmatic study of their planet, i.e. science. By
bringing students’ attitudes and feelings into the science
classroom, science becomes more fully and morc accurately
ahuman endeavor, onc that invoives the total human being in
the study of planet Earth and its surroundings. Students arc
able 1o draw upon a broad range of talents and interests; both
right brain as well as lcft.

The PLESE Planning Committee intentionally
arranged the understandings into a sequence realizing that
when numbers are applied priorities arc implied. The first
two understandings are considered crucial to those which
follow and they depart most dramatically from currentscience
curriculum reccommendations. By taking the lead in the list
attention will be drawn to them. Learning aesthetic
appreciation of the planet, the first understanding of the
framework, through a varicty of techniques and creative
activitics leads the student naturally into a concern for the
proper stewardship of its resources; the second understanding
of the framework. A developing concern for conserving the
cconomic and aesthetic resources of our planct leads naturally
into a desire to understand how the various subsystems
function and how we study those subsystems; the substance
of the next four understandings. The last understanding deals
with carcers and avocations in scicnce bringing the focus
once again back o thc immediate concerns and interests of the
student.

Integrating the Science Curriculum

Thcrc scems 10 be strong movement toward reducing
the emphasis upon the distinctions between the science
disciplines in the ongoing science curriculum renewal cffort.
This is clearly the goal of Project 2061 recommendations
which are most casily interpreted as a call for an integrated
science curriculum. It is also a reasonable extension of the
philosophy of thc NSTA’s Scope Sequence and Coordination
projects. Integrating the science curriculum has certainly
been a long term goal of the science education community.
Attempts such as the Unified Science movement during the
1960’s and early 70’s have all but vanished as the teachers
involved in the original development and implementation
cfforts moved on to other efforts or retired. Eventhe attempts
of publishers to producce “integrated” clementary science
curricula have ended up with simply units of Earth science,
biology,and physical sciencecomprising thetypical textbook.

What all of the atiempls to integrate the science
curriculum in the past have lacked was a conceptual focus.




The logical focus for a new integration effort is the Earth
system. In essence, science is a study of planet Earth; our
auttempt at understanding how we got here and how our
habitat works. What could be more natural than developing
a K-12 science curricufum using the subject of all science

"Integrating the science curriculum has
certainly been a long term goal of the
science education community."'

investigations—planet Earth—as the unifying theme? Any
physicai, chemical, or biological process that citizens must
understand to be scientifically literate can and should be
taught in the context from which the particular process was
taken for examination: its Earth subsystem. That is the
major implication for Earth Systems Education and its
impact on the nation’s science curriculum reform efforts.

Earth Systems Implementation Efforts

S cveral projects arc underway to test aspects of Earth
Systems Education. The major one is the PLESE program
which is working with K-12 tecams of teachers from cach of
the 50 states. Through a three-weck long summer workshop
the three- member teams develop a syllabus based unon the
Earth Systems Framework. Todothis,cachstatetcam sclects
a topic within one of the Earth subsystems. The tecams then
rcassemble into grade level tcams and develop a set of
questions for cach of the seven understandings that arc
appropriate for students at theirgrade level. They dothis with
reference to a scope and sequence grid having three
dimensions—attitude, sciecnce methodology, and locale. Each
dimension takes into account the appropriate developmental
level of the student. Once the questions are identified foreach
of thc grade levels, thc teams rcassecmble

""The logical focus for a new integration
effort is the Earth system."

into state K-12 teams and refine and modify the questions 1o
assure articulation between grade levels. Then the second
phase begins: identifying from existing resources the activitics,
audio-visual resources, student readings, and teacherresources
that can be use.” to address each of the questions on the
cvolving syllabus. What results is a K-12 resource guide for
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eachof the Earth subsystems. Eventually, these will be edited
and integrated into a single Earth Systems Syllabus, the fina!
step in the three year-long project. The immediate purpose of
the syllabus development is to provide teachers with aresource
of ideas for infusing Earth systcms concepts throughout the
existing K-12 curriculum.

A second project testing aspects of the Earth Systems
Education thrust is the development and implementation of
an integrated Biological and Earth Systems (BES) science
sequence for a central Ohio high schoo! to replace the
traditional Earth scicnce course at ninth grade and biology
for tenth grade students. The sequence, based on the Earth
Systems Framework and philosophy, is organized around
basic issucs concerned with the Earth system, such as global
climate change and deforestation. The program incorporates
collaborative lcarning and problem solving techniques as
major instructional stratcgics. Current technology is also
intcgrated into the courses including the use of on-linc and
CD-ROM data bases for accessing current scientific data for
use in course laboratory instruction. A whole serics of issues
has arisen around the implementation of this course that
needs to be looked at through a rigorous research agenda.

Issues in the Development and
Implementation of
Earth Systems Education

Thcrc arc several sets of issues that will affect the
developmentand implementation of Earth Systems Education
in the nation’s schools. The first relates to the nature of the
contentand what studentsknow about Earth systemsconcepts.
The second relates to the implementation of any new
curriculum into the scnior high school, especially one that
sccks to integrate the sciences.

An important rationale for including aesthetic
appreciation about planct Earth as the first understanding of
the Framework is that such a focus would stimulate greater
interestamong studentsin studying their habitat. Will a focus
on acsthetics indeced facilitate and improve learning about
Earth systems? How can astudent’s feclings about Earth and
Earth processes facilitate rather than block the development
of understanding of Earth processes? Can science teachers
effectively integrate topics from art, literature and masic into
their science curricula? What mechanisms can be developed
to coordinale instruction between humanitics and the science
curricula of schools?

How can the historical and descriptive methodology
of science be cffectively taught? Perhaps one of the reasons
it is not a morc substantive part of the science curriculum is
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thal by its nature the thought processes involved are more
abstract and complex than those used inexperimental science.
Variables cannot be isolated, therefore there has to be a
constant and concurrent consideration of ali variables in
synthesizing and analyzing information. It is difficult for
students to collect the types of data that arc used in historical
and descriptive studics. How can we engage young students
substantively thercfore in a “minds-on” study of Earth
systems?

Most “hands-on” science curricula usc activitics in
which students collect data from simplified laboratory
experiments and try to approximate how a scientist would
analyzc and extrapolate from thatdata. Atbestsuch activitics
arc simulations of what a scientist docs. At worst they may
misrepresent science and lead to a lack of understanding of
the nature of science. With the advent of computer and CD-
ROM technology, data banks are now being made availabic
to students that provide real data about the Earth system.
There is now the potential for students tomanipulate the same
data uscd by scicntists with the analysis tcchniques also used
by scicntists. Students can study the migration of whale« and
other specics; predict the movement and cffect of weather
systems: study the distribution of phytoplankton in the
oceans. This potential needs to be developed for the science
classroom. Once developed such activities need to be studied
fortheir valuc inimproving student understanding of science.

"With the advent of computer and CD-
ROM technology, data banks are now
being made available to students that
provide real data about the Earth
system.''

Understanding processes in the Earth system requires
some fecling for large quantities and a sensc for the immense
stretches of deep time. How much is a million, whether it is
ycars, miles, or tons? Techniques need to be developed and
cvaluated that lcad to an understanding of such large numbers.
Littie is done now in schools to establish such understanding.
Some tcachers have their students count dots printed on
sheets of paper, posting them on the walls of the classroom.
By the time a million is reached they cover the classroom
walls. Arc such techniques cffective? Arc there others that
could be used? What is the linkage between comprehension
of large numbers and understanding of theories such as
~volution and plate tectonics which depend upon long periods
of time, or understanding our place in the solar system or
galaxy which involve great distances?
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Onc of the major thrusts in science education research
is the identification of and strategies for overcoming naive
theories of natural processes held by students (Linn, 1987).
Most of the cffort to date has been in studying basic physical
scienceconcepts, suchas mass, acceleration and light, isolated
from their Earth systems. Scveral rescarchers have looked at
astronomical concepts such as scasons, Earth’s shape and the
moon’s shape. (Sneiderand Pulos, 1982; Treagustand Smith,
1987; Brewer, Hendrich and Vosniadou, 1988; Vosniadou
and Brewer, 1987; Vosniadou, 1987; Nussbaum and Novak,
1976; Nussbaum, 1979; Klein, 1982; Mali and Howe, 1979;
Sadler, 1987; Schoon, 1989). Few havc looked at processes
and how they operate within an Earth system except for
several studies of weather concepts (Piaget, 1972; Zarour,
1976: Bar, 1983, 1987, 1989; Stepans and Kuchn, 1988).

"Will students living in the shadow of a
mountain range have naive theories

concerning how mountains are
formed?"

Very little has been done to identify misconceptions
of processes working within the lithosphere or hydrosphere.
For concepts about our Earth system to function cffectively
as a focus and structure for the science curriculum, there
needs to be a major sustained cffort at identifying such naive
theorics about the Earth systems. There are some intriguing
possible variations from the studics dealing with basic physical
processes that result from the local and regional nature of
Earth science processes. Will students living in the shadow
of a mountain range have naive theorics concerning how
mountains arc formed? Willthe naive theories differ with the
type of mountains found in the child’s locality? Will they
have naive theories about severe storms? Will such idcas
diffcramongchildrenliving along the coast where hurricancs
occurand thosc livinginland in areas frequented by tornadoes?
What strategics arc cffective in changing naive theorics of
Earth system processes?

I'here are a number of factors that affect the
implementation of any thoroughly new science curriculum,
especially at the high school level. Onc of the problems
associated with the implementation of the BES curriculum
has related to the Advanced Placement (AP) courses. Where
colleges and universities used tohaveanindirect influence on
the content and nature of the high school curriculum, that
influence has become dircct and immediate through the
spread of Advanced Placement credit.  Parenls become
concemed that their children will not be able to take as many
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AP courses if an integrated curriculum, such as the BES
mentioned above, is implemented. In addition there is
concern that the new curriculum will not provide the
background necessary for successful performance in the AP
science courses. As moreand morc school districts implement
AP science coursesin theiratiempt to provide “‘morc rigorous”™
science offerings their influence in dictating the nature of the
science curriculum will become pervasive. Yet there is no
body of research data on the cffects of AP courses. Do they
facilitate students’ entry to university preparatory programs
for science carcers? Do AP students do as well in their first
college courses in the particular science discipline as those
who have not substituted AP credit for the introductory
course? If AP courses are to have such pervasive influence
on the nature of science taught in our high schools we must
have answers to questions such as these.

In an integrated curriculum, how is the talented
science student encouraged? High schools are beginning o
use versions of cooperative tcaching methods. Can they be
defined so that they are cffective in stimulating and
encouraging the talented student? The BES curriculum is
using collaborative lcarning approaches and a special elective
honors designation that integrates honors work within the
heterogencous classes. How can suchan approach effectively
stimulate interest without sceming to be extra work or sct the
honors students apart from the rest of the class in their own
attitudes and those of the other students?

Ancver growing deterrent to curriculum innovation
is the effect of standardized testing. 1n an effort to upgrade
cducation, most states arc implementing some form of state
level testing of students. This inadditionto theever pervasive
SATs and other standardized testing programs discourages
cflorts to substantially reduce the traditional cmphasis upon
facts and definitions in the science curviculum. In fact it has
added to the preblem. This negative impact of testing on
science programs is well documented in the literature. What
1s the impact of testing on curriculum innovai‘on? Can tests
be developed that are able to assess understanding of broad
concepts and problem solving abilitics? Despite a great deal
of concern and emphasis on these questions over the past
decade, little of substance has emerged io guide test
development or use.

A varicty of other questions have been with us over
the years but they become especially important if we are
indeed to substantially improve the content of the science
curriculum. What is an effective scheduling for scicnce
courscs? The prevailing pattern today is five 45 to 50 minute
periods per week. Shouid this pattern be changed? 1f so,
how? How can we reduce teacher loads? Mostof our foreign
compeltitors, thosc we arc being compared with in the
intcrnational studies of science education, teach 15 ¢lasses

per week rather than the 25 or more taught by American higi
school teachers. If wearcindeed serious about fundamentaily
restructuring the science curriculum, tcachers musthave time
tocooperatively update curriculum and teaching approaches.
Theydonot have that time now. No wonder they simply take
the next chapter in the text and use that to guide instruction.

""An ever growing deterrent to
curriculum innovation is the effect of
standardized testing."

Why has it been so difficult to sustain integrated
science curricula implemented in our schools? One of the
major problems is the scicnce background of our teachers.
NSTA certification requircments cssentially include a major
in onc of the disciplines, biology for biology tcachers,
chemistry or physics for physical science teachers. In most
universitics the courses included for the teaching major arc
the same as those for the major in the discipline. Thus
tcachers become biologists or chemists or physicists. They
do not pereeive science as a single discipline. When
implementing curriculum in the sccondary schools they
retain aloyalty to their discipline. They don’t feel comfortable
tcaching concepts they consider to be outside their particular
discipline. This is nc doubt onc of the reasons that so little
from Earth systems is taught in cheraistry or pnysics courscs.
For the new scienice curriculum rcsuuciuring cffortstosucceed
we will have (o restructure the science required in the
preparation of science teachers.

""For the new science curriculum
restructuring efforts to succeed we will
have to restructure the science required
in the preparation of science teachers."

Efforts nced to be directed %o the development of a
unificd set of courses at the universit' level that would be the
common ground for the preparation of high school science
teachers in the discipline of science. In such courses, the
Earth system will need to be an integral part, if not the central
theme. To do this, university science facultics will need to
rethink their discipline’s role in the total fabric of science and
the cor ‘ributions it can make to an integrated science course
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scquence that will need to constitute the core of the science
taken by pre-service teachers. Toaccominodate these changes
in cacher preparation programs certification requirements
(or science teachers will have to be changed. Carclul thought
should be given to the development of certification standards
for a single science program that will accommodate all
sccondary school science teachers and will reinforce the
trend toward the teaching of intcgraied science.

Finally, the issue that underlics alt others is how to
muake available a sufficient resource basc tosolve the various
problems in scicnce education and education generally., We
asanatoncurrently rank 10thout of 15 industrialized nations
in the percent of Gross National Product we spend on
cducation, Yctour political, industrial and business leaders
are saying that we already are spending all the money needed
for an effective education. How do we relocus the national
debate? How can we convinee our opinion leaders and our
average citizens that additional resources must be made
available if we are cver to reach the national ohjectives for
science cagcation stated reeently by our governors and the
national administration?

Conclusion

Thc time appears to be ripe for the first ol
restucturing of the science curriculum since the Commiucee
ol Tenestablished the current high school sequence in the late
1800's.  The dramatic changes that have taken place in
science and in the understanding ol how science is learned,
and the evolving demarnds ol technology and the pressures it
places on our environment require this restructuring,  We
must develop a citizenry and a cadre of leaders who are
comflortable with scicnce and knowledgeable about the role
it plays in understanding our Earth system. They need 10
understand the applications of science in technology and the
role technology plays in our socicty, in scicnce and in
changing our Earth systems. Earth Systems Education offers
anclfectiveapproach for reaching the: ¢ objectives. Asa first
step it provides for infusing planct Earth concepts into all
levels of the K-12 science curricu'um. For the long run it
provides an organizing theme for ¢ K-12 integrated science
curriculum that could eflectively scrve the objectives of
scientilic literacy and at the same time provide a basis for the
recruitment of talent into science and technology careers
helping 1o ensure appropriate cconomic development
consistent with maintaining a quality environment,
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Projects in
Earth Systems Education

@® [Program for Leadership in Earth Systems Education (PLESE)

® Global Change Education
Secondary Science Curricidiun Modudes for Global Change Education: a Praogress Report

@ Remote Sensing and On-Line Databases
Using Remote Sensing and On-Line databases for Teaching Abowt Global Change

® Biological and Earth Systems Science (BES)

® Global Change and the Great Lakes

Global Change Scenarios for the Great Lukes Region
Ohio Sea Grant

@ [arth Systems in the Middle School Science Curriculum
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Program for Leadership
in Earth Systems Educatiori

(PLESE)

Funded by a grant from the National Science Foundation, PLESE will prepare over 60 teams of
school teachers to become leaders in Earth Systems Education over the three-year period 1990-

1992.

Tiie Teams

Project PLESE aimstoreach teachersthrough
teachers. Participants arc sclected as teams consisting
of a high school scicnce teacher, a middle school
teacher (usually ain carth scicnce teacher), and an upper
clementary tcacher. The teachers arc usually from the
same local arca but different school districts, All three
attend a three-wecek summer Yeadership workshop in
which they prepare tobecome leadersin Earth Svstems
Education.

A school administrator and a faculty person
from a necarby college or university also serve on the
tleaching tcam and attend a two-day scssion during the
last week of the workshop.

The Workshops

PLESE tcaching tcams prepare to become
leaders in Earth Systems Education in the three-weck
summer leadership workshop by

@ Icarning about changes in the Earth
Systems from leading scientists involved
in globai change research,

® using a K-12 Earth Systems
Framework to identify and develop
instructional matcrials about Planct
Earth,

©® planning (o Icad local Earth Systems
Education workshops in the coming
school ycar.

The Locations

The national coordinating center and the
eastern program center for PLESE arc located at The
(hio State University in Columbus, Ohio. Thecastem
center will serve teacher tecams from the Nortacastem
states in 1991 and the Southcastem states in 1992,

Located at the University of Northern
Colorado, the western program center will scrve the
Pacilic Coast and Mountain states in 991 and the
Midcontinent states in 1992,

The Benefit.

PLESE tcacher participants reccive a siipend,
travel, food and lodging expenses, and graduate credit
for successful complction of the program, as well as the
satisfaction of presenting at lcast two local or state
workshops in the following school year! They are kept
up-to-date through the project ncwsletier, PLESE
Note, and an electronic bulletin board system.

College and administrator liaisons receive
travel, food, and lodging for attendance at a two-day
mcceting during the summer workshop.

For more information, contact PLESE at The Ohio State University, 059 Ramseyer
Hall, 29 West Woodruff, Columbus, Ohio 43210. Phone (614) 292-7888.
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Secondary Science Curriculum Modules For

Global Change Education

A Progress Report

Funded by the National Science Foundation, the global change activity project seeks to
develop classroom activities and fact sheets about global change topics for infusion into the

high school science curriculum.

A comprehensive scarch of curriculum materi-
als designed for high school science classes conducted
for the Program for Leadership in Earth Syster :s Edu-
cation (PLESE) has decmonstrated a lack of teaching
matcrials decaling with the Earth as a system. This is
especially true for physics and chemistry classes. The
activitics and fact sheets being developed by the global
change activity project arc designed to help fill this
gap. They include the appropriate science content
along with a focus on the Earth as a system.

Global change activity topics include, but are
not limited to: greenhouse effect and global warming,
ozone, deforestation and effects on biodiversity, El
Nino,dcsertification, remote sensing, climatemodeling,
carthquake prediction, volcanic cruptions, acid rain,
and proxy data for global climate change. The impact
of tcchnology on the study of the Earth and on the
disscmination of information about thc Earth is also
included.

The global change activity project has included
input from scicnce teachers, university educators, and
scicntists of varied disciplines. They have had the
opportunity to interact in a scrics of scminars held at
The Ohio State University beginning in spring, 1989.
The information from the scientists and from other
original sources helped teachers generate ideas for
glcbal change activitics appropriate for sccondary sci-
ence classrooms. These ideas and others are being
devceloped into scveral modulcs.

Draft copics of activities on global climate
warming and climatc information contained inice corcs
arc currently being pilot tested in some central Ohio
high schools. These activitics will be revised and put
into final form for dissemination.

The activitics will be accompanicd by fact
shects that provide background information on global
change topics. The factsheets canalso be used indepen-
dently of the activitics. They will cover topics listed
above.

—r

For additional information, contact Victor J. Mayer, or Ro

nne W. Fortner,

The Ohio State University, Department of Educational Studies, 249 Arps
Hall, 1945 N. High St., Columbus, OH 43210
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& bal Change Technologies

Using Remote Sensing and On-Line Databases _for Teaching About Global Change

This project used classroom computers and peripherals to study environmental sciences with

original data sources and versatile software.

The project was supported by the Ohio Board of

Regents with funds from the Dwight D. Eisenhower Math and Science Education Act, from

October 1989 through April 1991.

Classroom computers are too often
underutilized for :he contributions they can make
to studies of the earth system. This technology
project helped teachers explore the tools
available to them and become more aware of the
potential of existing hardware and software to
open the "real" world of science to students.

The project brought teachers from the
Worthington (OH) City Schools and others in
central Ohio together with scientists who were
using various forms of remote sensing,
geographic information systems, proxy data,
and on-linc databases to study interacting
components of the earth system. A global
change education seminar was presented by the
scientists, followed by sessions to help teachers
identify appropriate technologies for their own
classrooms.

Supervised curriculum development
followed, resulting in fact sheets introducing the
technologies and how to apply them, plus some
activities demonstrating technology as a tool for
understanding global change. These materials
are being finalized for distribution. They include
information on

@ L{ow 10 access databases on carthquakes,
activities of NASA, and environmental
imformation;

@ Student activities using Hypercard for
classification, data sharing, and charting
relationships among earth systems:

® Use of commercial software for unique global
change activities and for standard science topics;

@ Information on how to obtain and use data from
sources such as the Christmas Bird Count, water
monitoring programs, CD-ROMs, and climate
databases;

® Listing of pertinent government CDs and data
Sets,

® Descriptions of commercial software adaptable
for learning about global change;

® Suggestions for use and interpretation of
satellite imagery;

@ Examples of how time series data helps to
identify trends in global environmental change;

® Sources of "hard copy" data for use in
construction of databases or as a substitute tor
computerized versions.

The project has been closely linked to others in
Ohio State University's School of Natural
Resources and College of Education: an NSF
project to develop global change activities for
secondary science, the NSF- supportud Program
for Leadership in Earth Systems
Education (PLESE), and development of an
innovative Biological and Earth Systems
course at Worthington High School. Products of
this project are in use by the other projects.

Our hope is that interest among teachers will
enable project staff to continue adding to the set of
materials for use in teacher education. Comments
and suggestions arc welcome.

For additional information, contact Rosanne W. Fortner at The Ohio State
University, Scheol of Natural Resources, 2021 Coffey Rd., Columbus, OH 43210.
Phone (614) 292-9826
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Biological and

Earth Systems Science (BES)
Worthingion (OH) High School

Over the pust several years the scicnee teachers of Worthington High School
have been involved in restructuring their 9th and 10th grade science curriculum.

Farly in 19%9, Worthington scienee wachers
bhegan ane examingtion of the various national
recommendations for science renewal. They identified
wsetolearnculum goals as aresult ol their study . They
teit the need to update their it and 1O gride
curricuta. Thes have now developed a two-year long
mitegrated curriculum using an adaptation of Farth
Systems Education. The school system has made 2
major commitment 10 provide the lucilities and
cquipment dincluding Mactntosh 11 ¢x computers.
videadise equipment, CD-ROM. and access o nationg!
data banksy. The teachers, with assistanee tfrom Ohio
State Laculty . have secured over S330.000 from lederal
sourees 1o help inthe developmentand iniplementation
ol the course sequence Trom 1990 through [993,

The course sequence replaces the traditionil
Farth science and hiology courses Tt uses the Farth
Systems Education Framework us the starting point
for adentitying content heavily weighted toward the
biological subsystem but mcluding content from the
other Earth systems as well.

During the first year. critical issues in global
science are used as organizing themes for units. The
second year focuses on more abstract themes such as
cvolution and plate 1ectonics,

The teachers have made a commitment not 1o
use a lextbook: instead they have identified a varicty of
rcadings rom current literature and dircct their students
to those materials. They have also decreased the usc of
traditional lecture/discussion and are devel ping an
approach ol collaborative fcarning where students
function in teams assuming major responsibility for
their own leaming,

Supporting the overall restructuring is a heavy
use of technology. A varicty of data bases are being
used directly by students for collection of data and
provision ol current infomation. Students use word
processing. spreadshieet and data base programs lor
storing and analyzing information as well as simple
data analssis programs. Students also use imagery

avatlable on CHD-ROM and luser dise as sources ol

intormation and dita.

The BES curriculum development errort is
uniygue in that it adopts the grassroots approach, The
common-senseittitude is tahen that scienee teachersdo
in fact develop the curriculum which they deliver o
students. Why shouldn't they be the developers [rom
the beginning rather than some outside body imposing
tn theory) curriculum upon them? Not only do ihey
has e the intimate knowledge o their students, but they
alhvo have the necessary seicnce background and
professiondl competence Lo identily and sequence the
necessary materials and activities.

The new course sequence is being monitored
nol only by teachers, but by two advisory commitices
composcd ol university professors, educators [rom other
arca districts and residents who work in science ficlds.

The school district administration is providing
important support through resources and developing
the appropriate public relations. Ohio State University
is assisting tcachers with "outside" support, integrating
theirefforts with national developments, and providing
access 10 training and information that they may not be
able to access themselves.

For more information contact Roger Pinnicks,
Thomas Worthington High School,
300 W. Dublin-Granville Rd., Worthington, OH 43085
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Global Change Scenarios
for the Great Lakes Region

Because global changeissues arc oftendifficult
to understand, many people - including important
decisionmakers — are hesitant to support global
change policy suggestions by the scientific
community. Instead, these pcople take a “‘wait and
see” attitude toward global change which,
unfortunately, defeats the purpose of any pro-
active suggestions the scientific community may
offer.

The Ohio Sea Grant Education Program is
currently preparing a series ot short publications
designed to help people understand how global
change may affect the Great Lakes region. By
explaining the possible implications of global
change for this region of the world, it is hoped that
policy makers and individuals will be more inclined
to make responsible decisions about global change
policy issues.

The publications, called ‘scenarios,' describe
the prevailing interpretations of the scientific
community concermning what may happen to the
Great Lakes region in the face of global warming,.
The scenarios are written in terms the general
public can understand and their content is reviewed
for accuracy by a panel of experts. The scenarios
are between two and four pages in length and
include the most recent information available on a

varicty of subjects. including the potential effects
of global chiange on:

® Agriculture: How will agriculture in the
Great Lakes region be affected?

@ Airborne Toxins: Will global warming
affect airborne circulation of toxic substances?

® Recreation: What could happen to Great
Lakes recreation?

@ Biological Diversity: How will food
webs be altered as species disappear or expand
their numbers?

® [stuaries: What are the implications for
low-water levels in Great Lakes estuaries”?

o Water Pollution: Will lower water levels
concentrate pollution or dangerous toxins in
nearshore areas?

When completed, the scenarios will be made
available to educators and other interested
individuals. A limited number of ¢lassroom activities
illustrating these possibilities will be developed as
well.

For additional information, contact Rosanne W, Fortner, The Ohio State
University, School of Natural Resources, 2021 Coffey Rd., Columbus, OH
43210. Phone (614} 292-9826
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EARTH SYSTEMS IN THE
MIDDLE SCHOGCL SCIENCE CURRICULUM

Integrating the science curriculum in central Ohio schools

Since science is our attempt to
understand the Earth on which we live
and Earth processes that influence our
daily lives, shouldn't the science curricu-
lum in our schools use planet Earth as
the focus for integrating our knowledge
of the process and product of science?
Since much of science in the past has
been an effort to harness Earth pro-
cesses for the use of its human popula-
tion. shouldn't the science curriculum

consider technology from the point of

view of its impact upon Earth systems?
These are questions that are guiding the
thinking and work of thirty middle school
science teachers from the central Ohio
area. in a unique program supported by
the Dwight D. Eisenhower program of the
Ohio Board of Regents.

The school teaching staffs from
one of the middle schools in each of the
following school districts are involved:
Columbus City Schools, Southwestern
City Schools, Bexley City Schools,
Whitehall City Schools, Marysville City
Schools, the Columbus Catholic
Archdiocese Schools, Upper Arlington
City Schools and Mansfield City
Schools. Teachers meet together for six
full-day scssions and for three meetings
in their own school on a quarterly basis
for the duration of the project. The goals
of the meetings are to create
and use a regional network of middle

school science teacherleaders, to provide
background in recent global science
developments, to review current
educational theoryand practice as applied
to the middle school and science teaching,
to become familiar with new materials
and technology for teaching science, and
to initiate the process of developing
integrated Earth system science middle
school curricula for their particular school
districts. The meetings use a collaborative
working approach where much of the
time is spent in school district or grade
level teams discussing science topics,
analyzing new educational approaches
for their relevance and utility, designing
curriculum and developing teaching
resource collections.

This program is a spin-off from the
Program for Leadershipin Earth Systems
Education. a National Science
Foundation supported project that
developed the philosophy and rationale
for the Earth Systems Education
approach. Several of the teachers have
participated in the PLESE summer
program where they became enthusiastic
about the potential for its application to
middie school science curriculum
restructure. These teachers worked with
staff at the Ohio State University to secure
funding and to design the middle school
program.

Additional information can be obtained from Vic Mayer, Earth Systems
Education Program, The Ohio State University, 29 W. Woodruff,
Columbus, OH 43210. Phone (614) 292-7888.
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Articles Relating to
Earth Systems Education

Teaching from a Global Point of View
from The Science Teacher, January 1990
Victor J. Mayver

Earth Appreciation
from The Science Teacher, March 1989
Victor /. Maver

Earth-Systems Science
from The Science Teacher, January 1991
Victor /. Maver

What Every [7-Ycar Old Should Know About Planet Earth: The Report of a
Conference of Educators and Geoscientists

from Science Education 74(2); 135-1065 (199())

Victor J. Maver and Ronald F. Armstrong

A Place tor EE in the Restructured Science Curriculum

from Caonfronting Environmental Challenges in a Changing World, 1991
Rosanne W Forter

Down to Earth Biology
from The American Biology Teacher, February 1992
Rosanne W, Faoriner
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eaching From

Bmadening our

perspective as our

universe shrinks.

Fie Saone Tankao Loy 1990

a Global

oint of View

by Victor J. Mayer

he 1981 launch of the space

shuttle Columbia was the

capstene of a long series

of accomplishments that

fundamentally changed our
understanding of our habitat—the
planet Earth. Qur perception of its
size had been diminishing since the
time of John Glenn's orbiting of the
planet, climaxing with the sight of the
Earth suspended over the Moon’s sur-
face in pictures returned by the lunar
expeditions. Qur space exploits have
provided a spectacular setting in wlhich
to consider global educatin and the
role it should assumce in science
education,

Global education is a movement with
a 20 vear history founded primarily
in social studies education. Clobal edu-
cation has been defined as . . the
knowledpe, skills, and attitudes needed
to live effectively in a world possess-
ing limited natural resousces and
characterized by ethnic diversity, cul-
tural pluralism, and increasing inter-
dependence.” As such, it incorporates
aspects of environmental education as
well as international education. Global
ceducation has as its central goal the
establishment of cross-cultural under-
standing and a cooperative attitude
toward world problems.

Qur technical accomplishments
make the achievement of such an in-
ternational understanding extremely
mportant. We will for example, be
able to transport minerals from the
Moon and asteroids to factories in
Earth’s orbit, thereby making available
an abundant supply of these resources.
Wealso will be able to obtain initless

Ru

energy from the Sun, using solar
energy collectors placed in orbit by
advanced versions of the space shuttle.
The econumic realizations of such
endeavors, however, will require
international cooperation.

Our ever-shrinking universe
More important than the material
benefits is the expansion of the front-
iers of knowledge made possible by
such technelogical achievements. We
can now see 8 billion light years into
the past; halfway to the beginning of
the universe. The Hubble telescope
orbiting outside the Earth’s atmosphere
will permit us to look even further
into the origins of the universe.
Already we have seen sights in our
own solar svstem that no one had
predicted. The Voyager flybys of the
outer planets have provided us with
views of erupting volcanos on lo, a
moon of Jupiter, and an immense
starm system on Neptune, The ad-
vantages of international cooperation
were amply demonstrated by the
Soviet and European effort to obtain
close-up information during the recent
passage of Halley’s Comet. Space pro-
grams are providing nations with a
startling new perception of their place,
not only in our world society, but in
our solar svstem and our universe. At
the same time, the spectacular failures
of our technology, such as the Chal-
lenger disaster that took the life of
Christa McCauliffe and her fellow
astronauts and the Chernobyl accident
which spread nuclear debris to coun-
trics around the world, remind us of
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the limitations of our technology, the
fragility of human existence, ana of
the shared destiny of all nations on
our planet.

Science as a model for global
education
Our accomplishments and failures are
technological. They result from appli-
cations of the accumulated principles
and facts uncovered by the work of
thousands of scientists throughout
history. One of the basic problems in
achieving an international understand-
ing is the difficulty in establishing an
understanding among peoples across
the barriers of language and culture.
Science can provide a usctul model,
since scientists of all languages and
cultures have a subject of study in
common- our Earth--and a process
they use to study it

Thev start with an accurate descrip-
tion of observations and then logically
develop arguments and interpretations
based on those observations. Sdence
is a collective endeavor. Scientists will
challenge cach others” results and
attempt to replicate them. As individ-
uals, they possess all the frailties and
fallibilitics characteristic of the human
state. They make mistakes. They may
even intentionally falsify data. But sci-
ence has correcting mechanisms. Mis-
takes and falsified data will be revealed
by the work of others. The result of
this process is a product that accurately
represents nature in as far as the
available evidence allows. Science,
therefore, is ethical and honest. Tt
simply sccks the best representation
of the natural world. Thus, science is
amoral, that is, it seeks neither right
nor wrong, only the best explanation.
Leaders in government, industry, busi-
ness, and society select from among
the principles and information made
availakie by science. They may use it

Satellite 1989 N1, discovered by Vowager 2
eft). Triton from 80 000 miles (right).

[he Saene Teaher Jonaary 900

Global education
should be a thread
running through
science curriculum.

in wavs others mav judge as right or
wrong, moral or immoral.

The effects of technology
Science provides knowledge that can
be used to improve our living stand-
ards. Industrial and political leaders
make decisions that apply this knowl-
edge as technology. Technology does
not have the self-correcting mechan-
isms that science does and, therefore,
lacks its ethical base. Knowledge carn
be used in different ways—for the
long-term benefit of all, for short-term
political gain. or for destructive pur-
poses. Even when used for the most
beneticial purpeses, the technological
use of knowledge can be destructive if
the long-range results have not been
considered. For example, the manner
in which our leaders have responded
to energy needs reflects their failure
to understand the long-range implica-
tions of excessive energy consumption.
Decisions have been made that max-
imize the short-term gain or profit
from energy use but rosult in long-
range problems. Our exploitation of
fossil fuels—including coal, oil, and
natural gas—has had lasting detri-
mental effects upon our environment.
Some are readily recognized: the rav-
aged landscape of strip-mined areas of
Ohio and West Virginia and the oil
spills from damaged tankers such as
the Exxon Valdez. Other cffects,
though more subtle, are perhaps much
more threatening to our survival,
One issue of global concern is the
mtroduction of carbon dioxide into the
atmosphere through the burning of
fossil fuels and the resulting en-
hancement of the “Greenhouse Effect.”
There are alternatives to the use of
fossil fucls, such as nuclear energy,

solar energy, and conservation. To
shift our emphasis to these alterna-
tives, however, requires understand-
ing, commitment, and leadership.

Global education,
science, and technology
The scientific approach can provide a

= Pheto conrtesy o Joo Propulsion Lnboratny

model for achieving diaiogue among,
peoples of different languages and
divergent cultures. Thus globa! edu-
cation should be a thread running
through science curriculum. Qur
future leaders and voters (today’s stu-
dents must understand our interrela-
tionships with peoples around the
world and how our dailv activities
affect our planet and its resources. If
they are to moke wise decisions con-
cerning the application of scientific
information, students must realize that
it can benefit or can damage the lives
of all. Qur leaders must be prepared
to draw on scientific findings not for
their own self-interest but for the sake
of the common good; in the interests
of all the world's people. In many wavs,
the science teacher can be central to

Vidtor . Maver holds appeinbinents as profes-
sor of science education, geology and miner
ogw, and watural resowrees at The Olne Stae
Unmiversite, 249 Arps Hall, 1945 N, Higel:
sk, Columbus, OH 43270.
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accomplishing this goal. Therefore, it
is important that teachers and cur-
riculum developers understand the
goals of global education ar " how it
relates to the science curriculum.

Including global
education in science curriculum
How can vou incorporate activitios that

The investigations
draw upon
a variety of
disciplines in
addition to science
and social studies.

lead to global understanding into vour
curriculum which is already over-
burdened? Teachers working in marine
and aquatic education have developed
an infusion model that could prove of
~ome help. We have used their model
in a serics of investigations designed
teimpart marine and‘or agquatic infor -
mation. These activities are developed
around basic topics or concepts already
taught in middle school. The investi-
gations draw upon a variety of dis-
ciplines in addition to science and social
studies. They are short and self-
sufficient and thereby casily inserted
into existing curricula.

An example of one such investiga-
tion, entitled Its Evervonc’s sea: Or Is 1
explores the interests of different
countries in using the sea as a resource.
It starts with a map-reading exerdise
that asks students to identify topo-
graphic features of the Atlantic Ocean
Basin and to locate major resources -
including potential oil reserves on con-
tinental shelves, manganese nodule
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deposits in some of the deep ocean
basins, and the major fishing areas.
They also examine the position of cight
countries relative to seas, rangmg from
landlocked nations such as Bolivia to
island states such as Bermuda.

The second part of the exercise is a
simulation of the Law of the Sea Con-
ference. The class is divided into groups
representing eight countries. Each
delegation presents its positions on
resolutions concerning the right to free
passage of ships, pollution control, and
the allocation of sea resources. n the
third part of the investigation, students
examine the manner in which inter-
national borders are designated and
analvze the sources of border conflicis
between Canada and the United States.
Through this activity, students Tearn
that problems of rescurce use are not
solved merely by the technical applica-
tion of scientific knowledge. Rather,
solutions require informed guidance
by political specialists, frequently in an
international context.

Preparing teachers

We have used the infusion approach
to prepare future teachers in global
education. Working with one of our
faculty members in sodal studies edu-
cation, who is also a national leader in
global education, we developed a series
of activities and integrated them into
topics normally taught during our
science methods overview. They in-
cude: the nature of sdience, critical
reading skills in science, and the use of
simulations. The activities not only
provide our students with a global

Stdents should learin to recognize the global
threat posed by LA's smog (above) and the
Amazon’s deforestation (right).

perspective, but also can provide ideas
for secondary school science teachers
who mav be trving to incorporate some
of the objectives of global education
into their courses. The activities take
about five 2-hour long; class periods.

The first activity is a review of the
nature of science using an analysis of
creationism and evolutionary theory
as science. [t begins with a presenta-
tion of the filmstrip scieniific Meihods
and Values (Hawkhill Assodates, Inc.,
125 E. Gilman St., Madison, WI 83703),
and students read the Overton Deci-
sion (Rev. Bill McLean vs. Arkansas
Board of Education, Qpinion of Wil-
liam R. Overton, United States Dis-
trict Judge). The latter is discussed,
emphasizing the differences between
scientific theory and religious precepts.,
From this discussion, students develop
a set of criteria that allow them to
discriminate between scientific and
religious ideas.

We also have the students read an
article that summarizes creationists’
evidence regarding the coexistence of
dinosaur and human footprints (Milne,
David H., and Steven D. Schafesman.
“Dinosaur Tracks, Erosion Marks, and
Midnight Chisel Work (But No Human
Tootprints) In the Cretaccous Lime-
stone of the Paluxy River Beds, Texas.”
Jowrnad of Geological Education. 31:111-123,
1983). Some of the teaching materials
ceveloped by the Creation Rescarch
Institute of San Dicgo, Calif, are ana-
lvzed using the criteria developed in
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the discussion. This module helps stu-
dents achieve a better understanding
of science as a reasoning process and
as a discipline; two aspects that are
essential to an appreciation of the
importance of science in global issues.

Students then view an episode of
PBS’s NOVA that focuses on Steven
Jay Gould’s trip to South Africa. Dur-
ing the program, Gould discusses the

[ 'L‘;} F\' b ABl

The unit
concludes with
a discussion of

the role of the
science teacher in
global education.

development of the concept of human
evolution, how scientists allowed their
prejudices to affect their interpretation
of data, and what influences these in-
terpretations had upon social and eco-
nomic policics in certain countries. The
program and subsequent discussion
point out the interdependence of the
world’s nations and the manner in
which science can be used to either
cause or alleviate problems.

A rounded education

Qur next section begins with a
presentation of the filmstrip “Who
Owns the Oceans?,” which provides
an overview of the various interests
that nations have in the sea (Current
Affairs Films, PO Box 398, 24 Dan-
bury Rd., Wilton, CT 0e8o7). The first
two parts of the activity, It’s Evervand's
Sea: Or I+ 12, described carlier in this
article, are then used to point out the
interdependence of nations,

An environmental section follows
with two activities that demonstrate
environmental problems shared by
several countries. One is a simulation
on acid rain that was described in the
April 1984 issuc of The Saence Teaches
("The Acid Rain Debate.” Bybee,
Rodger, Mark Hibbs, and Eric John-
son). The otheris alab activity on the
effects of atmospheric carbon dioxide
and the Greenhouse Effect taken fram
the Februarv!March 1980 issue of Si-

e Adivihes (“The “Greenhouse Effect.”
Andrvws, David).

This scection concludes with a pre-
sentation of information about acid
rain developed by two different sour-

Y

ces. One is a videotape prepared by an
Ohio power company, “Energy and
Electricity,” (NSTA!/Columbus and
Southern Ohio Electric Company
Honors Workshop for Teachers). The
other is a filmstrip set prepared by a
Canadian agency, “Acid Rain: The
Barriers to a Solution.” (McIntvre Vis-
ual Publications, Inc.,, 716 Center St.,
New York, NY 14092). They take
drastically different positions on what
science has to say regarding the prob-
lems and sources of acid rain. Qur
students critically analyze cach of the
programs for cmotional loading and
factual errors. They also discuss the
international implications of acid rain.

The unit concludes with a discus-
sion of the role of the science teacher
in global education and the techniques
that can be used to integrate it into
science teaching. Teachers of all dis-
dplines, especially elementary school
teachers, need to recognize the impor-
tance of science in the curriculurm not
simply as science per se, but in how it
relates to the social, political, and eco-
nomic spheres of human endeavor.
We must also consider the products of
science and how they can be used for
the betterment or detriment of our
life on Earth We must see science as a
bridge to other cultures and as a basis
for communication. A focus on global
education can help our students to
realize that a sharing of ideas and co-
operation among, cultures is to the
benefit of all. The science teacher can
be a key figure in accomplishing this
goal. n

For aerther ronding
Clobal Education and the Socal
Plaere bite Pracac Summer, 1981,

Calbom, M,
Studies ”
p 170

Note
It youare mterested in obtanming matenals {rom
s Evervone Seac Ons BTN aver, Victon |,
and Stephame thle Columbus Oceanie Educa-
tonal Aatnaties tor Creat Lakes Schools. Ohio
Sea Grant Program, 1981, 1987 4, please con-
tact the author for turther mtormation
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Earth

Appreciation

by Victor J. Mayer

oveu often tind e dittrealt
to dlustrate o saentit
process i anay thatwill
copture the aterest of
vour stadontsT Farth si-
cnee teadhers are fortunate to have
holp when taced wath this problem
Ihoy can tap mtoavarcty of sourves
otlsde of the soence teadhing re-
cource~ that are normally available.
They can make the =tudy ot carth
Procec-=es fomating by appealing to
e vareh of itorests students have
m lestory. art and Tterature. Often,
=t the neht miormaton orallustra-
fost can be tound mone of these trelds
that can hiddpacertain student or dass
srasp 2 certain topic more thoroughlv.
A number of vears avo, tor exane-
ple there was a popular movie entitled
ot Dot T was an account ot
the exploraton of the Grand Canyon
By Aajor Tohn Aesley Powedl during
the Late 1800- Ponellwasa fasdnating
man and an excellent example of how
Ie=toral figures can be used tointro-
Juce certam areas of carth saence,
Powell, an otticer during the il
W e, Jost Tas arm durog the battle ot
Shiloh. Despite this handicop, he later
became one of our country’s most
promment saentists. He founded the
Bureau of Tthnology and helped to
tound the Umited States Geological
Suryev. In 1888, hewas elected pres-
Jent of the Amencan Assodiation tor
the Advancement of Saence
Powell was an excellent writer. His
eaditing account of his travels through
the West indudes observations ot the
Crand Canvon and the Colorado River
that can be used to teadh basie con-

33

vepts of

crosion, scedimentation,

~tratigraphy, and peologic history. The
tollowing i= a sample trom his journal:

Sulv 13 Extensive sand plams extend
back from the mimediate river valley,
as tar as we can sce, on either side.
These naked. drifting <ands aleam
brillianthy in the audday sun ot uly.
The retlected heat from the glaring
<urface produces a cunots motion of
the atmosphere; little carrents are
pencrated and the whole seems to be
trembling and moving about m many
directions, or, tailing to see that the
movement is mthe atmosphere, it
erves the impression of an unstable
land. Plains, and hills, and Jifts, and
distant mountains scem vaguely to be
tloating about in o trembling, wave

rocked sca, and patches of landscape
will scem o float away, and be lost,

Wosocta Ton o Mok jose
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ana then reappear, iPoveell, 1037 p
Jov

This excerpts typreal of Powell’s wrnt -
g W hats impressive s s ability to
pet action and exatement into words
and also s very vivid deseriptions of
natural phenomena, sudh as air cur-
ronts yencrated by the Beated sand
surtace Hlow much more interesting,
1= this writing than that which we
normally tind m sdence textbooks,

\ fascmating serics of events from
our history that can be used to illus-
trate not onlv the nature of carth
processes but also how such pracesses
have been used to mislead people are
related by Allan Eckert’s book The
Frontresspin 119670, He tells of the great
[ndian leader Tecumseh, who i the
historical records are correct, was born
ina vear that a comet visited our solar

o N taso

@ o e

svstem. According to Tndian legend,
this save him areat power,

During the earlv 18005, he was
attempting to rallv the Indan tribes
toran attenmpt to redam their lands
from the Americans, During his trov-
cls to rae suppodt, he told his allies to
expect two signs that would confirm
his posweer and signal them tojom him
in battle. On the night of November
To, 1811, 0 meteorite tHashed across
the Midwestern shve Fohertsallies took
this as the tirst sign. Then, 20 davs
later, an cven more powertul event
accurred. Pohert provides o fascmat -
mg descnption:

I the south ot Canada, v the vil-
lagies of the Trogquois, Ottawa, Chip-
pewa and Turon, it came as o deep
territving rumble. Creek banks caved
i and huge trees toppled in o con-

re
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tooets crash ol snappine brandhies
fnall the Grear Takes but espeaally

the
and wreat wanes broke
creaticallv on the shores, thoueh ther

Lake Nhchivan and Foke e

waters danced

was noowind o the western plons
there was o tierce sending sound and

a<hudderme whech arred the bones

and <ct teeth an cdee  Farthen v easdls
1

spht apart and seat berds o ieon

wred to thein et and <tampede !
m abvect To the ~outh

whole torcst=telbimmoredible tangeles

pranie

New streams sprang up where none
had been betore Ty the Upper Creck
villase ol Tedkabatohee every dwelbinge
shuddered and <hook and thon ol
lap=cd upon atsclt and its in-
habrtants ... The Nississippr atsclt
turned and tlowed backwards for a
time. It swirled and eddied, hissed and
curgled, and at Tength, when it scttled
dovwen, the tace of the land had dhanged.
New Madnd was destroved and tens
of thousand- ot acres of land .. van-
ished torever:and that which remamed
was uplyv and austere. (pp. 338 3107

Manv of Tecumsceh’s Indian allies
accepted this, the first of g series of
shocks comprismg the great New
Madrid carthquake, as the secand <.
Thevivined Tecumsch, alongwith their
British allies, to challenge the Amert
cans. Tecumseh, however. was Lilled
very carly in the battle, proving that
he had no spedal power other than
the force of Tus personality. His Indion
allies scattered and the Americans went
on todefeat the British and secure the
Northwest Territories.

Excellent prose about carth pro-
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cesses can also be found in novels and
other literature. Jomes Michener, for
example, has included very dvnam-
ic descriptions in some of his historical
novels. In Hatoaii (1959), he describes
the origin of the islands in very vivid
prose, providing insight into the vol-
canic processes that formed and con-
tinue to mold the islands.

In Centennial (1070, he describes the
evolution of the Rocky Mountains over
billions of years of time. He devotes a
chapter cadh Lo the development of
the Rocky Mountains, the evolution
of the life of the arca, and the carly
presence of humans, Especially inter-
esting is the section on the habitat and
life of the dinosaurs that inhabited the
region during the Cretaccous period.
Fheir remains are preserved in the
famous Morrison formation, which is
exposed in a dramatic road cut on the
outskirts of Denver.

In his most recent boolk,
{1988), he gives very unde |:\t.md.xlw|v
esplanations of how Alaska grew over
the past bitlion vears. He accurately
describes the processes of plate tec-
tonics that accounted for its forma-
tion and the recent ideas of “tervanes”
that geologtists now think accumulated
over milhlons of vears 10 tarm the
Alaskan peninsala. Michener also pro-
vides insight into the methods used
by geologists to mterpret the history
of an area, as the following passage
shows,

lw’ul

In one of the tar wastes of the South
Pacitic Ocean a long-vanished island-
studded landmass of some magnitude
arose, now piven the name Wrangellia,
and had it staved put, it might have
produced another assembly of islands
like the Tahiti group or the Samoan.
Instead, for reasons not known, it
Fragmented, and its halves moved with
a part of the Pacific Plate in a north-
erly direction, with the castern half
ending up along the Snake River in
Idaho and the western as a part of the
Alaskan peninsula. We can make this
statement with certainty because sci-
entists have compared the structure
of the two segments in minute detail,
and one laver after another of the ter
ranc which landed in Idaho matches

Victor |, '\Lmu is ot professor of scence edia
tion, ccologw, mineralogu, and nabiral yesourees
af the Ohio State University, 1909 NC Fheli
St Coltmthus, OH 33210,

@ e Teter March 1959 Reproduced with permission from The Science Teacher Jan,/90).
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perfectly the one which wandered to
Alaska. The layers of rock were laid
down at the same time, in the same
sequence and with the same relative
thickness and magnetic orientation,
The fitis absolute, and is verified by
many matching strata. (p. 5)

Michener's novels, Eckert's historical
accounts, and Powell's journals are
onty a fow examples of writing suitable
Tor the sdience dassroom. There are
many other writers and pocets who,
over the vears, have provided descrip-
tions that can be substituted for the
often dull and stilted writing found in
our science (exts, It is simply up to
teachers to be on the alert for such
Passages,

The Earth and
its processes
have been an
inspiration to
many artists.

Artcan also provide illustrations of
earth processes. ve been an avid pho-
tographer since the 8th prade.
Those who share my enthusiasim for
the hobby will be tamiliar with the
name Ansel Adames, Hewas my hero
and 1 have alwavs aspired 1o photo-
graph landscapes as sensitively and
inspirationally as he did.

Adams was born and raised in San
Frandisco. When he was four, an
aftershack of the great carthquake of
1206 knocked him against a brick wall,
breaking his nose. His Tace bore the
mark of that carthquake throughout
his life. He went on to become an
ardent conservationist and one of our
most famous photographers. His in-
terpretations of western landscapes is
art of the highest merit. But they also
illustrate carth processes and can serve
as excellent teaching tools. (See pho-
tograph on pages 00 ol

The Earth and its processes have
been an inspiration to many artists.
One of my favorite art selections is a
series of four paintings completed dur-
ing 1829 and 1840 by the American
poainter Thomas Cuole. Entitled 1 he

Vowage of Life, they depict the moods of
the various stages in the human lite
cycle. In the detail from “Youth,” found
on page 02, the verdant shore pro-
vides a setting of excitement and
energy as the youth looks to a future
of promise and productivity. The ather
paintings depict childhood, maturity,
and old age. In cach, Cole has used
planet Earth and its processes to es-
pross his feelings about life and the
stages that we all move through.

An inspired teacher will help stu-
dents experience the planet the way
Cole did, to see in Farth processes a
reflection of the intimate relationship
between humans and their environ-
ment, and help them reach an under-
standing of our dependence upan a
rich and traitful environment and our
need to sustain its quality for our awn
benefit and that of future gencrations.

Our beautiful Earth

As science teachers, we conappeal
to the right brain, as well as the lett
brain, of our students in our attempts
to get them involved in science. They
should encounter planet Carth through
our courses as a thing of beauty: its
processes developing spectacular vistas
as they operate over cons of time.
They should be able to marvel at the
beauty of anice ervstal sparkling in
the sun as a pladier melts. They must
come to value the Earth, not just for
the minerals it gives up to industry, o
the ail it provides for our cars, but for
the stnsets from its atmosphere and
the symmetryin a crvstal, As teachers
help their students achieve a rational
understanding of the Earth and its
processes through a study of science,
they also can provide a tirm tounda-
tion tor the development of a svstem
of values that honors the enduring
spurit of humankind and that recog-
nizes its dependence upon the esthetic
qualities of planct Farth. "

Reterences

ke, AW t1aeT [y
1 itthe, Brown and Company

Michener A (10888 Ak New York Random
House

Michener, 1A (1975 Ceetomnd New
Random [ oas

Michener, |\ 11030 Haean
dom Houee

Powell, T 01037 Jiy Fapin w0

Feovtromse Boslon

Yorl

New York Rone

Wt Colorads

R Chieo The Umnversiy of Chicago
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umdms' to recent studics of
scientific literacy, our citizens
remain unintormed  about

muany ot the unique cultural |

and scientific contributions of
the Larth sciences. This lack
of knowledge has negative consequen-

ces when we are asked o dedide on

national policy concerning technical
development, resource use, and envir-
onmental quality. The Earth sciences
must play 4 major role in the new §
round of curricula renovation that are

beginning to vveur worldwide. When

_iour leaders and citizens need o apply |
s, the results of physical and biological

science research, Earth science offers a
unique perspective and body of knowl- §
edge that can help them make sound
cconomic and social decisions

There are at least three areas in which

§ the Earth sciences can muake major con- 8

ributions to K=12 cureiculum content.

8 They include the phdoso phical—how |
we think about our place as humans in
the grand design of the Universe; the
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methodological - dhe intellectual
methods thae we use i investigating
our surroundings; and the conce prud -
what we know about our world and
how it functons.

PHILOSOPHICAL CONTRIBUTIONS

Betore James Hutton's Theor) of (/.
b was published in 1795, our plinet
was thought to be o mere 6000 vears
old. Hutron's book mtraduced the con-
cept of “deep time,” and 10 vears lacer
Charles Lyell expanded on this concepe
in Prinaplcy of Geology, Lyell suggested
an Earth ot great age. upon which
“observable processes”™ developed the
features of rocks and lindscapes. This
concept became the basis for the devel-
opment ot all modern geological con-
cepts. It also set che stage for Darwin
(who, soon after Lyell's book was pub
lished, ook it on his famous yovage to
develop the theory of organic evolution

These scientific theories have had o
great impact on our culture:s we can na
longer consider the Earth as having
been created specifically for nuan's use.
Stephen Gould, in his recent book,
Timce's Arrow . Time's Cyde, quoted
Mark Twain's tongue-in-cheek depiction
of chis attitude:

“Man has been here 32000 years. That
it took 4 hundred million years t pre-
pare the world for him s proof that
that is what it was done for. T suppose
itis, | dunno. If the Eiffel Tower were
now representing the world's age, the
skin of paint on the pinnade-knch at
its summit would represent man’s share
of that ager and anybody would per-
ceive that thae skin was what the tower
was built for. I reckon they would, |
dunno.”

The current attitude that we can
squander Earth's resources and some-
how be saved from the consequences is
not tenable. We now understand that




E

w oceupy a plinet that has evolved
over several billions of years. We, our-
selves, are a very recent resuit of a pro
cess that has gone on for an equathy
long period of tme and that has resulted
in the extinction of many life forms.

The Earch sciences deal with deep
time das 4 fundamentat elemene in their
structure. Therefore, they are the place
in curricula where an understanding of
this concept must be developed. Teach-
ing for a true anderstanding, however,
is extremely ditficute. Gould says:

“Ancabstract, intellectual underseanding
of deep time comes casily enough—I
know how many zeroes to place after
the 10 when | mean billions. Getding it
inta the gut is quite another matter,
Deep time is so alien that we can really
only comprehend icas metaphor. And
so we do i all our pedagogy. We tout
the geological mile cwith humen his-
tory occupying the last few inches) or
the cosmic calendar cwith Homeo capions
appearing but a few moments before
‘Auld Lang Syne’).”

Teaching about deep time, therefore,
requires a great deal of thought and
creative etfort. One problem is devel-
oping an understanding for immense
numbers such as a million or billion.
To put things in perspective, one cighth
grade Earth science teacher has the stu-
dents ineach of his classes count dots
printed on picees of paper. When one
sheet has been counted it is taped to
the walll By the end of the day, the
walls are covered and the cooperative
count has reached only one mitlion.
Another Earth science teacher has his
students use their badies to construct
the geologic time scale. Using a scale of
one meter to 10 million years, students
place themselves acdifferent events on
the time scale. In this way they become
intimately involved with both the evenes
and the relative time in which they

Q
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occurred. The resulting time scale
stretches the entire fength of the school
building 430 n:

Deep time is 1ust one coneept that
has helped us enderstand our place in
the Universe Equalis important was
Copernicus” restructuring of the solar
system into o helioceniric model and
the subsequent understanding of the
place of the solar systen itself within
the Galaxy and the Universe. To has
become more and more difficule to think
of the world as having been created
solely for us—to be used as we see fic
it was this attitude @« is responsible
for the environment.:l problems we are
now facing. The concept of organic
evolution has further eclipsed the ego-
centric philosophy. We are only one
branch of a long series of developments
that has survived because the previous
branches lived in harmony wich their
environment

THE METH(DOLOGICAL

CONTRIBUTIONS

The Earth sciences provide an excel-
lent opportunity for students to learn
the problem seiving approaches of the
scientist. Students can experience weath-
or systems, observe weathering taking
plice. and interpret lindscapes in the
vicinity of their homes. Such experien-
ces can entice them into scarching out
+ deeper understanding of the neture
of scientific investigation,

Steven Gould, in his address o the
1087 NSTA convention, decried the
low status given the nicthads used by
Earch scieatists, such as the historical
method. The experimental method s
held up as the halhmark of scienee i
clementary and secondary sdience teach-
ing: however, it is the historical and
descriptive methods that have given us
the truly powerful ideas about ourselves
aned our place in the Universe. After
Al Copernicus did not perform expert-
ments to reorder the solar system with
48
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the Sun at its center, nor did Darwin
perform experiments to create his
theory of evolution

In reality, there is no one method of
science. What marks science as a dis-
cipline is the gachering of real-world
data and the objective analysis of that
data 1o gain meaning for how the world
operates Conducting experiments is
simply one way of obtaining data. They

Decep tine
5 Just one
concept
that has
/JL’//?CJ
e

conderctand
ouy place in

the Unitere.

are usuathy wonducted o vanty adeas
derivad from data obained by observa-
tions and descriptions of Larth's pro-
cesses But our students beliese that
the only scienee Is experimentation.
They are ed o believe that experiments
are the only way to experience "hands-
on” science. But there are many ways
the Earth science teacher can exemplify
the historical and descriptive approaches
in a4 hands-on” modes for example, by
Yarting changes m astream over ame,
or pathering and analyzing weather data,
The discovery of deep time, the devel-
opment of the theory of evolution, our
understanding of our Universe, and the
knowledge we now have of our planct’s
evolution and its environs are basic con-

-
4.

cepes underlying western thought and
philosophy. They are not thie resule of
experimentation, but of the application
of the historical methods of the Earth
SCICNTsL.

The Crustal Tvolution Education
Project of the National Association of
Geology Teachers Veveloped over 32
activities on place tectonics (available
trom Wards Science Establishment,
Inc.r. Many exemphify the historical and
Jdescriptive approaches of the Earch
scienaist. and we as science teachers can
use them o acquaint our students with
the thought processes behind such
methods. They include, for example.
activities on Teeland (where students
plot data on rock agesi, paleomagnet-
ism, and carthguakes. Working as teams,
students analyze the data, and, based
on their interpretations, determine the
focation of the mid-Adancic Ridge us 1
crosses leehand,

Ocher activities use data from deep
sea cores to verify the spread of the
Mid-Ackantic ocean hasing or paleo-
magnetic dact o determine the relative
positions of India as it moved up 1o
impact the Asian continent.

THE CONCEPTUAL CONTRIBUTIONS
We are now able o look at the Earthin
& dramatically ditferent way. Instead of
being forced to examine small areas of
terrain or local atmospheric changes,
scientists «an now view the planet
holistically. This has been made possi-
ble because of many advances in tech-
nology. Sophisticated satellites can
observe biological, chemical, geological,
and physical changes over enormous
arcas. Supercomptters now permic the
reduction and analysis of huge amounts
of data. Communication nctworks link
scientists from muny differenc places
on the Earth to work simultancously
on the same projects.

Partly as a resule of applying these
new tools to the study of our planet,




FIGURE 2. The seven understandings from
the Framework for Earth Systems Educa-
tion {courtesy of The Ohio State Univer-
sity).

* Earth is unigue, a planet of rare beauty
and great value.

* Human activities, collective and individ-
ual. conscious or inadvertent, are seriously
impacting planet Earth.

* The development of scientific thinking
and tecinology increases our ability to
understand and utitize Earth and space.
* The Earth system is comprised of the
interacting subsystems of water, land. ice,
air. and iife.

® Planet Earth is more than four billion
years old and its subsystems are contin-
ually evolving.

e Earth is a small subsystem of a solar
system within the vast and ancient
Universe.

® There are many people with careers that
involve study of Earth’s origin, processes.
and evolution.

NOTE

The complete Earth Systems Frame-
work (abstracted in Figure 2) and
information about the Program for
Leadership in Earth Systems Educa-
tion is available from the author.
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Earth scientists now speak of the Earth
as a system. Rather than having to
restrict their study to processes that
can be observed in one place at one
time, or a few places at several times,
they can now look at processes occur-
ring on a global scale and in a time
frame stretching back tens of millions
of years. Thus we are beginning to
receive the first glimmer of understand-
ing of how the Earth system works and
how each of its subsystems, such as
lithosphere, atmosphere, and hydro-
sphere interact with each other to pro-
duce global changes. It has also been
evident that humans and their activi-
ties have been a very importan: agent
in changes that have occurred in the
past, and will occur in the future. This
is now a different planet that we are
living on; a complete revolution in our
knowledee of our home has occurred.
Unfortunately, however, little of this
new knowledge has found its way into
the curriculum.

Global changes can be thought of as
oceurring on two different timescales.
One is on the order of thousands to
millions of years, and inciudes processes
such as plate tectonics, the gradual evo-
lutivn of mountains, ocean basins, and
other large features of the Earth's crust.
The other changes occur on the order
of decades to centuries, and include
processes in subsystems such as the
bivsphere and atmosphere. It is the lat-
ter that is most influenced by our
activity—global warming, for example—
and therefore of most immediate
concern.

To teach these Earth concepts, in-
structors should use the results of the
new technology epitomized by current
satellite imagery. In 1977, NASA pub-
lished Mission to Earth: Lundsat Views
the World. which includes a wealth of
high alttude imagery. In 1978, NASA
followed with an educators guide that
contains ideas on how to use the images.

More recent imagery available from
NASA allows students to study upwel-
lings and the consequent bloom of
phytoplankton, variations in the level
of the sea, and the direction of wind at
the sea surface on the scale of conti-
nents and occan basins (Figure 1.

A national project is now underway
to implement many of the understand-
ings discussed above into the K-12
science curriculum. The Program for
Leadership in Earth Systems Education
(PLESE), rccently funded by the Na-
tional Science Foundation, is preparing
K-12 teacher tcams to implement Earth
Systems syllabi in their own classrooms
and to conduct workshops in their states
and locales.

The planning committee of the proj-
ect, using the results of a 1988 confer-
ence of geoscientists and educators held
in Washington, D.C.. and an analysis of
Project 2001 Earth science concepts,
developed a framework of seven under-
standings (Figure 2), PLESE teams
organized at summer workshops at the
Ohio State University or the Univer-
sity of Northern Colorado used the
framework as a guide in developing
Larth systems syllabi and in selecting
materials to implement the syllabi.
Through programs such as this, curricu-
la is developed that wil' provide our
students with a much richer understand-
ing of the nature of science, and more
importantly, the nature of the planet
on which they live. With such under-
standings, we as a sciety will be better
prepared to meet a future in which all
is changing: our world's economics,
politics, and environment.

Victor . Mayer is u professor of Science
Education, Geology and Mincralogy. and
Nutural Resources at Ohbio State Uni.
versity, 1945 N. High St.. Columbns,
OH 43210. und is the director of the
Program for Leadership in Earth S)s.
tems Education,
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RONALD E. ARMSTRONG
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introduction

There 15 great public concern regarding the quality of science curricula m the
nation's schools. This concern has resulted in u number ot cttorts to redetine
curriculum and especially to identify the curricular bases for scientitic literacy
Perhaps the most prominent of these etforts 1s that of the Amernican Association
for the Advancement of Science, Project 2061 (AAAS, 1989). Such cfforts in the
past have, in the opinion of some science educators, neglected Planct Earth despite
the fact that one could consider the entire domain of science as being an eflort to
understand our planct and how its processes work. Curriculum ctforts, like the
science disciplines that sponsor them, have often taken a reductionist approach
focusing on the specific contributions of certain scientific disciplines in understand-
ing concepts and processes within their defincd domain. failing to refate them to
the earth system in which they operate and interact with oth t processes and
concepts. But, whereas scientists have scen the hmitations of the iraditonal science
disciplines and have spawned a variety of interdisciplinary cfforts to understand
basic processes, the science curriculum is trapped in the century old curncular
straight-jacket of biology, chemistry and physics. This seems to have insured the
neglect of the planet carth systems that are our home and govern our well-being.

To provide a basis for an adequate representation of Planet Earth in the current
curriculum efforts, a conference of educators and geoscientists was held in Wash-
ington, D.C. in April, 1988. The four and one-half day conference identified those

* This is a portion of a report published and copynghted by the Ohio State University Rescarch
Foundation. Permission has been granted for its reprinung here.

Science Education 74(2): 155-165 (1990)
© 1990 John Wiley & Sons. Inc. CCC 1036-8326. Y0/020155- 11304 1)




ERIC

Aruitoxt provided by Eic:

156 MAYER AND ARMSTRONG

goals and concepts about Planct Earth that every 17-year-old should know when
completing pre-college education. The sponsors of the conference were the Amer-
iean Geological Institute and the National Science Teachers Association. The results
of the conference have wide-spread implications for the content of curriculum
materials and instruction in K-12 scicnee and geography courses. This article is an
adaptation of a report of the conference published by The Ohio State University
(Maver, [Ys8),

Buckground

Participants ma meetig of educators and geoscientists held in September, 1983,
concluded that the top priority for improving programs in carth science education
was the development of a K-12 carth seience sy llabus. Those attending the meeting.
held atthe headguarters of the American Geological Institute (AGH) in Alexandria.
VA and supperted with a grant trom the Nadional Science Foundation (NSF). also
concluded that such . document it 1t bore the endorsement of both the scientific
and science education communities would have a strong impact on the content ol
textbooks, state and local curriculum guides. and state and national tests. Partie-
pants felt that it would provide wuidance for educators and screntists in conducting
cooperatine cttorts to improve the teaching about Planct Earth in the nation's
schools.

In Autumin. 19570 several serence educators and science dgeney representatives
m Washington, D.C.oafter Tengthy discussions, concluded that the first step in
developing such a ssHabus would be to convene a conference of eminent scientists
to identity the components of our current knowledge of Planet Earth that have
relevance for the K-12 curricutum. Conversations with representatives of the Na-
tional Acronautics and Space Administration (NASA), the National Oceanic and
Atmospheric Administration (NOAA). the United States Geological Survey (USGS).
and the Directorate of Geosciences for NSF led 1o agreements to identify and
support three or four scientists each to participate in such a conference. The sci-
entists were selected within cach agency using four criteria. Any scientist selected
should:

[} be recognized by peers as a leader in the discipline.
- 2) have a broad knowledge of carth systems and be able 1o see bevond his. her
specialty to the broad conceptual fubric of earth systems.

3) have an interest in science education and have a commitment 10 help improve
the science curriculum.

4) be an effective communicator.

Nineteen scientists mecting these criteria participated in the conference.

The conference organizers (see Appendix) felt that scientists by themselves would
have a difficult time completing the conference task since few would have any
direct experience with schools and science curricula. Thus it was decided to invite
about twenty teachers, supervisors and science educators as conference participants,
They would bring knowledge of the nature of children and of the teaching task to
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the conference. providing a point of reality that would ensure that the understand-
ings identified by the conference would indeed be those that every 17-year-old
could know and understand. The educators were selected on the basis of the quality
of their science backgrounds and their records for leadership in their own school
sustems and nationally. In addition. care was taken to ensure representation geo-
graphically. by grade level taught, and by role within the cducational establishment.
As aresult there were elementary . middle school and high school teachers. <tate
tevel saience consultants and university scienee educators represented among the
participants. The educaters found their own sources of support for the conference
primaridy trom their school systems and universities. AGH received @ grant from
the Science and Enginecring Education (S Ly Directorate of NSE 1o cover the
administrative and logistic costs,

Lhe conterence. therefore, had a nutional perspective resuiting trom participation
of scientints from three science aegencies cach watle o national mission (NASAL
USGS. and NOAN): ~aentists from universiies i Oregon, California, South
Caroling. Massachusetis, and ORlahoma: scrence educators fram universities in
AMinnesots, Missourt. and Ohio: and supervisors and teachers from Washington,
Idaho. Cdiforma, Texas, Michigan, Ohio, North Carolina, Virginia, and New
York. lts conclusions, therefore. can indeed represent a national agenda for re-
torming what is taught Jabout Phanet Earth in our nation™ schools,

Lhe Conterence Charge

It had been over twenty years sinee thescience community had been closels
myolved with educators inidentify ing the coneepts in the carth scrence disciplines
that should be taught K-12. Because of the technical advances provided during
that time i data gathering and processing and the intensive investigations of the
carth svstem, our knowledge of Plunet Eurth had changed dramatically. The charge
1o the conference was to identify those understundings about Plunct Earth that
every citizen needs to know in order to live a responsible and productive life in
our democracy.

In attempting to fulfill the charge. the keynote speaker, Dr. F James Rutherford.
Director of Project 2061 of the American Association for the Advancement of
Science. cautioned the participants to avoid the usual pitfalls of such efforts. He
advised the group to discuss curriculum. not courses: not to buy in to the status
guo of the existing curriculum structure but to consider the place of carth coneepts
in the total purview of science. Identify the concepts or processes that are important
for the well being of citizens. not those that might contribute at some later undefined
time to the understanding of some equally hazily defined goals. Rutherford is
concerned. as are many science educators. that the current science curriculum is
“bloated and overstuffed.” Students are required to memorize a vast array of trivia,
most of which is forgotten soon after the test. He warned the participants not to
add to that problem. In deciding on what new concepts to include. participants
should also decide what old concepts should be eliminated from the curriculum.
This trade-off always nceds to be in mind. In addition, the elements identified for
inclusion must contribute to the general aims of education,

o
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Rutherford emphasized the need for curriculum to reflect the current require-
ments of our social and economic systems and the basic understanding of the nature
of scientific investigation. The various science disciplines are now intimately in-
tertwined. Mathematics is the essential tool of modern science. More and more
science is applied in industry and defense. Citizens must develop a fuller under-
standing of how technology is used in our society. They must have a clear under-
standing of evidence as the real authority in science, of the power of theories in
the investigation of nature. of science as a conservative enterprise requiring re:
licatton and openness. There needs to be a focus on the unifving themes., such as
systems, models, and evolution.

In chousing facts and concepts he warned participants not to fall into the trap
of “watering down™ ideas from the sophisticated ideas that “all scientists must
understand.” Instead, identifv what is fundamental, then build on that structure.
Rutherford suggested several eriteria that should be applied in making judgements
regarding possible curricular clements:

I What s the saentitic signifrcance”? Will the coneept or fact sull be around m

the neat generation?

20 What is the human sigmificance of the idea? How does it attect or mtluence
atizens?

-

What s the phitosophical power of the ide v’ How does 1t contribute to our
understanding ot the world?

4 What s tts current importance to our social and economic well-being?

3. How does it contribute to personal ennichment? Does it make the world of the
pre-iSavear-old more interesting!?

Rutherford concluded with several general suggestions. He imvited the carth
science education community to join in the totat school reform movement. This is
one of those times in history when it is possible to reconstruct the educational
system. He encouraged all to participate in designing the system of tomorrow.
Think K-12,infiltrating the entire curriculum with Planet Earth concepts. Empha-
size the concrete, how things work. the dynamics of the carth system. Feature the
connections to the other sciences. Make those sciences more interesting to students
by showing how they can be applied to Planet Earth problems or concepts. Give
priority to ideas and methods rather than words. Beware of authoritarianism, be
open to the inclusion of new concepts. ready to discard the old.

Orgunization

As soon as each scientist was identified he/she was sent a letter requesting the
development of a short, three-page paper outlining his/her preliminary ideas re-
garding what every high school graduate should know about her/his field of inquiry.
They were then compiled and sent to each of the participants about one week prior
to the beginning of the conference. These papers provided the focus for the first
round of discussions. Scientists were assigned to one of four groups based upon

s
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their specialty. An cqual number of educators were assigned to the groups such
that each scientist was teamed with an educator. Each of the resulting groups of
about eight individuals each were led by a facilitator. Each group was to reach
consensus on the goals and concepts regarding Planet Earth to be included in the
education of every citizen. Each day started with a presentation to the entire group.
Rutherford's keynote address was followed on the next day by a talk by Dr. Audrey
Champagne from the Office of Science and Technalogy Education of the AAAS.
[t focussed on learning problems afforded by misconceptions or naive theories. On
the third day. Dr. Dallas Peck. Director of the United States Geological Survey.
presented a talk outlining his perception of the place of the carth sciences in the
general education of our citizens. The gencral presentation was followed cach day
by two small group sessions. one immediately after the talk and the other following
the lunch break. Participants were brought together again at the end of the after-
noon for two one-half hour presentations by participants on topics of general
mterest.

At the end of cach day the small groups recorded the results of their discussions.
These were tped  reproduced and made awvailable for their deliberations the fol-
lowing dav. On the third day of the conference. the groups were reassembled such
that each of the new groups included an educator-seientist team from cach of the
previous groups. The charge to three of the groups was to integrate the conclusions
from all four groups into a single set of recommendations. This resulted in three
versions. On the afternoon of the fourth day of the conference these three verstons
were integrated by the total group through the use of group dynamics processes.
uch that consensus was reached on each aspect of the framework that resulted.
The fourth group was asked to develop asetof guidelines for the development of
asenior high school carth systems course.

On the morning of the fifth day. most of the educators assembled to put the
finishing touches on the conclusions of the conference. At this session wordings of
the poals and concepts were agreed upon. and a preamble for the conctusions was

developed.

Conference Results

Following are the results of the conference. Minor editing has been done to
improve reading style, but the substance remains identical to that agreed to by the
participants.

Preamble

As the 21st Century dawns. we find oursclves in the midst of a revolution in our
knowledge concerning Planet Earth. It is imperative that every 17-year-old develop
an understanding of Earth concepts as well as appreciate the beauty of the Planct
Earth.

The Earth scen from space is both metaphor and reafity of a deepening con-
«iousness of the integrated view of our planet necessary for its successful stew-
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ardship. Catalyzed by an accelerating technology. a holistic view incorporating
dynamic images and ideas provides incredible opportunities to ignite the imagi-
nation of American students.

Our report outlines the goals and concepts that are a prerequisite for an evolving
2st century view of Planet Earth. To imbue this framework with the spirit of
revoiution intended. educators should recognize the importance of the following
INsuCs:

I. Emphasize K-6

2. Demand a hands-on, imvestigative approach

s

Encourage und include minonties and women throughout the process

4. Integrate the varous science disaplines and emphasize geographie ideas

"N

Incorporate more mathematies, computers and emerginy technologics
6 Develop issue onented case studies

Involve parents and the commumty

s

Capture the exatement and tun of learning about Planct Larth

Goals

sciEs e tor Gt Each citizen will be able to understand the nature of scientific
mguiry using the historical. deseriptne and experimental
processes of the carth saences.

axowtEnet . Bach citizen will be able to deseribe and explan earth processes and
features and anticipate changes in them.

StEwarpsuie. Each aitizen will be able to respond in an informed way to envi-
ronmental and resource issues,

APPRECIAUION Each eitizen will be able to develop an aesthetic appreciation of
the earth.

Concepts

1. The earth system is a small part of a solar system within the vast universe.
The sun is the primary source of Earth's energy.
The sun is one of the billions of stars in the universe.
The moon and Earth affect each other.

All bodies in space (including Earth) are influenced by processes acting
inroughout the solar system and the universe.

The nature of each planet is determined by its position in the solar system
and by its size.
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The position and motion of Earth with respect to the sun influence tides.
seasons, climates, cte.

2. Fhe earth system is comprised of the interacting subsystems of water, land.
e, air and life.

Water exints s a vapor, hquid and solid and changes form as o result of
changes i energy.

Oceans dre 1 constant motion nd are o resource that covers over 700 of
the pl:ln\.'{.

The crvosphere (frozen water tis an barth subsystem that BN vaning sea-
oozt and global distiibution

Atmospherie enctlation s disean by selar heating and maoditied by miter-
acties with other subsstems

fhe ~ohid earth (hthosphere, asthenosphere ) interacts with the hyvdrosphere.
atmosphere. cryosphere and brosphere.

The Fosphere nteracts with other subsystems,
The sun i 4 major soutce of energy that imtluences the carth system
Gieothermul erergy mfluences the dynamics of carth systems,

FFach companent of the carth sastem has charactenstie properties, structure
and composition.

3. The earth’s subsystems (water, land. e, air and life) are continuously evolvng.
changing and interacting through natural processes and cycles.

Water ¢yveles through the subsystems.

The outer laver of the salid carth is composed of plates which are and have
been i motion,

All new rocks are dernved from old rocks by recyeling.

Major examples of the interaction between components of the earth system
are the hydrologic cycle. rock cycle. carbon cycle. glacial eycle. trophic eycle.

4. The carth’s natural processes take place over periods of time from billions of
vears to fractions of scconds.

Physical processes in the universe range over time scales of seconds to billions
of years and over very great distances.

BEST EOPY RVAILAR
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Earth 1s more than 4 billion vears old and is continuatly evolsing.

The atmosphere is a thin, protective blanket composed of various gases and
other substances that evolve over geologic time.

Fossils are the evidence that the biosphere has evolved interactively with
the carth over geologie tme.

Evolution results in a sequence of unique historical changes of Larth's sub-
systems. For example: changes in atmospheric composition. changes in fife
torms. changes in structure of the solid carth. changes in the composition
of the hydrosphere.

Time scales for Earth changes are variable. FFor example:

Long-term  evolution of the sohid carth and atmosphere (2.5« 10 years)
cvolution of hfe (4 - 10" years)
break-up of Pangaca SIS - 10y veans
¢ ages
extinetion of plants and animals
drought
SCANONS
daily aeather
nuclear reactions

Short-term chenucal reactions

4

Many parts of the carth’s subsvstems are himuted and vulnerable to overuse.
misuse. of change resulting from human activity . Examples of such resources
are fossil fuels. minerals, fresh water, soils. flora and fauna.

6. ‘The better we understand the subsystems, the better we can manage our re-
sources, Humans use Earth resources such as minerals and water.

T Human activities, both conscious and inadvertent. impact Earth sabssstems

Human use activities influence the:
hivdrosphere and vice versa.
cryvosphere and vice versa.
atmosphere and vice versa.
lithosphere and vice versa (minng. hazards, ete.)
biosphere and vice versa

Human activities exert inordinate impact on the global environment. Human
activities after Earth's components such as burning fossil fuels. improper
land use. war and war preparations. releasing hazardous chemicals and ra-
divactive materials. releasing and disposing hazardous materials. extinction
of species.
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8. A better understanding of the subsystems stimulates greater aesthetic appre-
ciation.

Humans appreciate and manage the Earth by preservation, appropriate uti-
lization and restoration. For example: natural parks. reclamation, conscr-
vation. recreation, legislation, land managment and planning. international
to local cooperation.

9. The development of technology has increased and will continue to increase
our ability to understand Earth.

Technology has improved our ahility to understand the earth. For example:
optical and electronic microscopes. optical and radiotelescopes. infrared
sensing. doppler radar. submersibles. satellites, computers.

10. Earth scientists are people who study the arigin. processes. and evolution of
Earth's subsystems: they use their speciahized understanding to identify re-
sources and estimate the hkelihood of future events.

Observations of the atmosphere are used to forecast weather.,
Maps are scale models of the Farth

Knowledge of other planets helps s understand the Barth

Analysis of Conference Results

On the last day, during the final editing of the conference recommendations.
somecone asked whether the results were any different than those from similar
conferences held twenty years ago. Several of the educators were familiar with the
Earth Science Curriculum Project, the last majer effort in carth science curriculum
renewal. They felt that the differences were dramatic. Content relating to the third
goal, stewardship. was hardly considered for inclusion in the ESCP materials. Goal
four. aesthetic appreciation of the carth. would not have been thought of as ap-
propriate when considering seience curriculum. It is clear that the scientific com-
munity has changed in its attitudes and values in the ensuing years.

The results of this conforence are consistent with current mavements in science
curriculum revision that are exemplified by Project 2061, The participant: were
not only able to think bevond the current gaals of science and science teaching.
but to go beyond them in a creative and enthusiastic manner. The recommendations
reflect the challenge that Rutherford made in his opening talk to not be bound by
the past and to think creatively as to what curriculum can be. Thus they in turn
challenge the science education community to develop a curriculum that is dra-
matically diffcrent, one that adequately incorporates a modern knowledge of Planet
Earth, the manner in which we investigate our home. the implications of technology
for our future habitat and an appreciation for the beauty implicit in our earth




ERIC

Aruitoxt provided by Eic:

164 MAYER AND ARMSTRONG

systems. Science educators are challenged to incorporate an understanding of stu-
dents and how they come to investigate the earth into planning future curriculum
and teaching.

The Next Steps

This confcrence represents the first national effort in over twenty vears to involve
geoscientists in a significant way in the identification of appropriate curriculum
content regarding Planet Earth. Assuch itis a first step. The framework developed
by the conference must now be translated for the use of classroom teachers, text-
book publishers, test developers and curriculum specialists. This will require the
cooperation of many different organizations and individuals in science, scicnce
education, and educational policy development and implementation.
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Ncir.hcr cnvironmental education (EE) nor any of its
predecessors or variants has traditionally had a curricular
home of its own,” wrote Disinger in his 1989 report of a
national survey of EE in U.S. schools. Perhaps thisis because
cnvironmental cducators have insisted that environment
belongs to the total curriculum, with a place in every subjcct
and grade (Simmons, 1989),and therefore approprialc niches
have been sought thioughout the available curriculum. The
benefits of such an infusion approach are numerous in light
of the swinging pendulum of cducational interest: infused EE
is not scen as an additional burden on the overstuffed
curriculum, nor is it as vulnerable when other prioritics or
budget constraints decrce that somcthing has to go.
Philosophically, infusion confirms the interdisciplinarity of
EE and its importance in relation to all aspects of human
cxistence.

“The existing science curriculum is
now under scrutiny for purposes of
restructure, and questions should
arise about where EE will fit in any
new scheme that develops.”

Indeed, Disinger’s (1989) survey confirmed that infusion
is the most common form in which EE is practiced in U.S.
schools. As for the impact of this approach over time, few
studies have been conducted. Taylor and Fortner (1989),
however, found in a stalewide survey of Ohio secondary
schools that from 1982 10 1986 twice as many schools had
dropped EE courses as had added them. The greatest number
of infused EE topics in that study were in carth scicnce
courscs.

The existing science curriculum is now under scrutiny
for purposes of restructure, and questions should arisc about
where EE will fitinany new scheme that develops. The most
extensive efforts underway arc Project 2061 (AAAS, 1989)
and NSTA’s Scope, Scquence and Coordination (SS&C,
1991). In 2061, Phasc I, disciplinary groups identificd what
cvery 17-year-old should know about science upon Icaving
high school. The cnvironment enters consideration only

pieccemeal as discrete disciplinary science content, but some
of the implementation cfforts in Phase I1 arc cxploring topics
suchas watcras anintegrating theme. InSS&C, environmenta’
cducation has a potential place hecause of planned emphases
oncross-disciplinary teaching. Hence, EE could find a home
inS§S8&C’s trcatment of ENERGY , among other iopics. How
SS&C would implement curriculum restructure is still
uncertain, and there has been a gencral lack of consideration
of Earth in initial planning.

Instcad of “fitting in” to the plans of others with multiple
agendas for scicnee education, perhaps “the time is ripe for
cnvironmental educators 10 move aggressively into the
dialogucs and help the public and the cducational
cstablishment see how the ideas cnvironmental cducators
have been wrestling with can be incorporated into the very
core of arevamped educational system” (Roth, 1988; cmphasis
addcd).

Another, Iesser known but equally ambitious, curriculum
restructuring cffort invites such an opportunity. Earth Systems
Education (ESE) is an cffort that has arisen out of the
intcraction of geoscicntists, scicnce educators and teachers
who feel that the time has come for Earth (o resume its
appropriale position as the focus of science lcarning. After
all, itwas aticmptstolearn about the Earth that were the origin
ofallof the scicnces as we know them. We have come 100 far
from thosc origins, and now facc the problems of lcarning
scicnce facts dissociated from the realitics of human
inlcractions with Earth.

“..the time has come for Earth to
resume its appropriate position as
the focus of science learning.”

Beginning with a prior synthesis of concepts from a
conference of geoscicntists and cducators (Maycer and
Armstrong, 1990), and adding the Earth systems concepts of
Project 2061, a “Framework for Earth Systems Education”
(Figure 1) hasbeen developed (Mayer, 1991). The Framework
identifics the reason for cnvironmental education as the first

Understanding, essentially, “we’ve got a great place here.”
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This Understanding stresses the creativity of the human spirit
and sces science as a creative human endcavor. By focusing
on students’ feclings toward the Earth system, the way in
which they experience and interpret those feelings, they are
drawn into a systcmatic study of their planct. Understanding
#2 is the mission of EF, namcly Earth stewardship. The
subject matter of EE is embodicd in Understandings #4 and
#5, and part of its approach is in #3.

These seven critical understandings are the basis of the
Program for Leadership in Earth Systems Education (PLESE),
developed at The Ohio State University and supported by the
National Science Foundation's Teacher Enhancement funds.
IFrom 1990-93, tcacher lcaders, administrators, and college
laisons are participating in semmer programs at Ohio Staic
and the University of Northern Colorado, and then bringing
the ESE notion and implementation ideas back to their local
arcas for additional outreach into the K-12 curriculum. The
Understandings arc uscd to structure the enhancement and
follow-up workshops and to select materials for implementing
Earth Systems Education in various parts of the country.

For environmental cducators, ESE offersacontenthome,
and many feel a content base is critical to EE program
longevity  (Warficld, 1981). It offers a K-12 design,
interdisciplinary approach, and combination of humanitics,
science, and technology asadvocated specifically in 4 Nation
atRisk. ESEisscenas being taught bestthrough collaborative
feaming technigues, another positive aspect for EE, since
such approaches simulate the kinds of intcractions common
among decisionmakers in both science and public policy.
The scientific methods used in ESE include not only the
traditional experimental approach but the historical method.
At best experiments are only simulations of how scicntists

work, and most cnvironmental problems do not lend
themselves well to experimentation.  More approprialely,
ESE cmphasizes the analysis of records of continuously
collecied data and what they reveal about patterns of Earth
processes.  With the advent of computer and CD-ROM
technology, students can now usc the same data scicntists
manipulatc to study the phenomena of the Earth subsystems:
biosphere, hydrosphere, lithosphere, and atmosphere.
Classroom technologics are being explored for usc in ESE
applications.

“For environmental educators,
ESE offers a content home, and
many feel a content base is critical
to EE program longevity ”’

Dramatic changes occurring in science and in science
cducation, and impacts of human uscs of technology and the
environment,require that cnvironmental cducation beamajor
componcnt of the restructured curriculum. We must develop
a citizenry that understands the functions and limitations of
science and technology as they impact the Earth and life upon
it. Earth Sysicms Education is an opportunity for rcaching
these goals. According to Mayer (1991), “As a first sicp it
provides for infusing planct Earth concepts into all levels of
the K-12 science curriculum. For the long run it provides an
organizing theme for a K-12 integrated science curriculum
thatcould cffectively serve the objectivesof scientific litcracy

Figure 1. Framework for Earth Systems Education

Understanding #1.
+ Understanding #2.

[ .

| Understanding #3.
|

|

| Understanding #4.
| land, ice, air, and life.
Understanding #5.

continually evolving.
Understanding #6.
: universe.

' Understanding #7.

Earth is unique, a planet of rare beauty and great value.

Human activities. collective and individual, conscious and inadvertent,
! are seriously impacting planet Earth.

The development of scientific thinking and technology increases our
ability to understand and utilize Earth and space.

The Earth system is composed of the interacting subtystems of water,

Planet Earth is more than 4 billion years old and its subsystems are
Earth is a small subsystem of a solar system within the vast and ancient

There are many people with careers that involve study of Earth’s
origin, processes, and evolution.
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and at the same time provide a basis for the recruitment of
talent into science and technology careers, helping to ensure
appropriate economic development consistent with
maintaining a quality environment” (p. 20).
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Down to Earth Biology

A Planetary Perspective for the Biology Curriculum

Rosanne W. Forther

NCREASED attention to the biosphere’s relationship
Ito the other Earth subsystems—hydrosphere, litho-
sphere, atmosphere—could help enhance student
understanding in biology. Recent international com-
parison studies do not ¢, eak well for levels of biology
achievement in the United States. Our 13 year olds
ranked ninth out of 12 countries/provinces in the life
sciences. Even our advanced students in second-year
biology place at the bottom of a list of 14 countries
(Jacobson & Doran 1988). The literature of science
education is a further reminder that all is not well
within the biology curriculum. Studies of naive con-
ceptions demonstrate a lack of basic understanding of
concepts such as nutrient cvcling, natural sclection
(Greene 1990) and the water cvcle (Bar 1989). A
number of these difficulties rest at the interface of
biology and Earth sciences.

Bringing biology “down to Earth” might also be the
key to making sound decisions on matters of national
policy and international assistance. Deforestation, for
example, is an atmosphericissue, not just a biological
one; ozone depletion creates human health problems;
abuses of the ocean are manifested in human habitats
and marine mammal welfare; and an understanding
of organic evolution rests on a tundamental aware-
ness of “"deep time,” describing the great age of Earth
as revealed through its geologic structure.

The Earth system can become the conceptual base
of the s “ience curriculum and play a major role in the
restructuring efforts now underway through the
American Association for the Advancement of Sc-
ence’s Project 2061 and the National Science Teachers
Association’s Scope, Sequence and Coordination.
When our leaders need to apply the results of biolog-
ical research in making decisions, the earth sciences
can offer a unique perspective and body of knowl-
edge.

According to Vic Maver, leading advocate of a
modern movement in earth systems education (May-
er 1991a), contributions of earth science to the K-12
curriculum take at least three forms:

Rosanne W. Fortner teaches in the Schoot of Natural Resources
at Ohio State University, 2021 Coffey Rd., Columbus, OH 43210.
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o Philosophical—how we think about the position
and role of humans in the universe

s Methodological—how we investigate our sur-
roundings

o Conceptual—what we know about our world and
how it functions.

The purpose of this article is to explore examples of
how the biology curriculum could build upon these
contributions to achieve greater relevance for stu-
dents and greater value as a basis for decision mak-
ing.

Philosophical Contributions

One of the major obstacles to acceptance of evolu-
tion as a valid scientific concept is a lack of under-
standing of the age of the Earth. Before James Hutton
wrote Theory of the Earth in 1795, the planet was
assumed to be only about 6000 vears old. It was
Hutton who introduced the concept of deep time.
Earth processes like those in action today have been
going on throughout the history of the planet, and
this concept of “the present is the key to the past”
(Lvell 1830~1833) forms the basis for all our studies of
the Earth. Charles Darwin accepted this idea and
applied it in developing his theory of organic evolu-
tion.

In accepting the Earth as being of great age one can
reject the idea that the world was created specifically
for human usc. We now understand the planet
evolved over billions of vears, and the human species
is a verv recent result of a biological evolutior.
Because some species have become extinct along the
wav, there is reason enough to believe that we may
not be the ultimate and culminating product of the
evolutionary process!

The place of deep time in the science curriculum is
clear, but the methods for getting it there are not
simple. Frequently the concept is taught by analogy.
For example, Mark Twain likened the Earth’s history
19 the height of the Eiffel Tower, with human history
represerited by the skin of paint on the top of the
highest pinnacle-knob. Teachers often put great cre-
ative effort into teaching about the great expanse of
time. One teacher has the students in all his classes
count dots printed on sheets of paper. When a page
is finished, it is taped to the wall. By the day’s end all

e




I
I

E

the walls are full, and only 1 million have been
counted.

Methodological Contributions

For decades the science curriculum has been teach-
ing people the scientific method—the scientific
method, translated as how to conduct a proper ex-
periment. Indeed, we can trace many of the major
achievements and bodies of knowledge in biology to
experiments: Mendelian genetics, the germ theory of
disease, biologicai clocks, recombinant DNA and the
like. Of course, there are many instances when
experimentation is the preferred means of data acqui-
sition. An observation leads to a hypothesis, data are
collected by manipulating some variables while oth-
ers are held constant, data are analyzed and the
hypothesis is accepted or rejected. If Joseph Lister
had not experimented to control variables, physicians
might still be doing excellent surgery but watching
patients die as they did before experiments in aseptic
medical procedures. We could be growing mice by
Needham’s recipe—putting old rags and corn in a
barn, whereupon mice arise!

It is a disservice to students, however, to convince
them by rote or by example that there is only one
method of doing science. Science is characterized by
the gathering and analysis of real world data to learn
how the world operates. Darwin didn't arrive at his
theory of organic evolution by experimentation but
by analysis of descriptive data. We would never
intentionally experiment to find out what would
happen to a population of wild birds if the birds’
entire habitat were destroyed; instead we study ex-
amples of how habitat loss has affected other bird
species and compare those with the circumstances of
the species in question.

Data are frequently available to study phenomena
we can’t control in space or time. “Hands-on” science
can be done with such historical and descriptive data
from existing sources. For example, one can chart
changes in stream macroinvertebrate populations
over time or study tombstones to compare the life
spans of people at different times in the past.

Historical data continue to make their way into
modern science news because studies of the accumu-
lating records of the Earth, both the living and the
nonliving parts, assist us in charting trends and
making predictions about the future. That living
things influence and are influenced by their environ-
ment is a basic concept in biology. The “wood cook-
ies” (tree cross-sections) common in life science class-
rooms are used to find the age of trees and make
inferences about their environments. Modern inter-
pretation of tree rings correlates ring width with
climate conditions and helps scientists identify recur-
rent patterns of weather. Other organisms reflect
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characteristics of their environment in their growth
rings as well: tortoises’ shell sections, fish scales and
otoliths, bands of chemical deposits in reef building
corals. Global weather signals may emerge when
several biological sources of historic climate data are
compared. What we use are data sets of Earth’s
history, reaching back into deep time and continuing
into the future. And because all these data sets are
continuously accruing, predictions about {omorrow
can be evaluated through monitoring of the changes
occurring now. The biological concepts derived from
the study of such data are not the results of experi-
mentation but of historical methods used by the Earth
scientist.

The changes identified through historical data may
be of a time scale of thousands to millions of years, as
in evolution, or a time scale of decades to centuries,
as in primary succession, or one of days to years, as
in tortoise growth. A National Science Foundation-
sponsored project at Ohio State University is devel-
oping “Secondary Science Curriculum Modules for
Global Change Education,” which involves the his-
torical method and various time scales.

By interpreting data from animal and plant growth,
students can see how the growing conditions of
Earth’s climate have changed in the recent past. By
comparing more recent biological data with ice cores
from world glaciers, students see that the glaciers
preserve a longer time scale or deeper time, leading
them to consider if a recurring trend may be in
progress. Another activity uses a time scale on the
order of decades, using the historical catch of striped
bass in the North Atlantic to explore reasons for the
recent lack of fishing success noted in singer Billy
Joel’s "Downeaster Alexa.”

Conceptual Contributions

Increasing applications of satellite imagery in the
media, in textbooks and even as art forms show that
a genuine “‘world view” is within our grasp. We can
see the Earth as a system with all its parts intercon-
nected. Sophisticated satellites with a wide array of
image processing options can observe Earth’s biolog-
ical, geological, chemical and physical aspects and
their changes. We receive the satellite information,
process it through the imaging software, untangle the
data with supercomputers and then share the data
with scientists in many parts of the world almost as
quickly as it is received. Our communications and
data processing capabilities are staggering. The
smoke from forest fires in Rondonia, the dried vege-
tation of drought-stricken California and the produc-
tivity of ocean surface waters are all known to us by
degree and extent from space platforms many miles
above the surface of the planet.

Partly as a result of this world view, scientists from
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Fig 1. The 7 basic understandings in the Framework for
Earth Systems Education.*
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» Earth is unique, a planet of rare beauty and great value.

» Human activities, collective and individual, conscious
and inadvertent, are seriously impacting planet Earth.

» The development of scientific thinking and technology
increases our ability to understand and utilize Earth and
space.

» The Earth system is comprised of the interacting
subsystems of water, land, ice, air and life.

» Planet Earth is more than 4 billion years old, and its
subsvstems are continually evolving.

» Earth is a small subsystem of a solar system within the
vast and ancient universe.

* There are¢ manyv people with careers that involve study
of Earth’s origin, processes and evolution.

*Courtesy of Ohio State University. Complete Framework
available in Maver, V.J. (1991b). A Framework for Earth
Svstems Education. Science Activitics, 28(1), 8-9.

all disciplines are beginning to treat the Earth as a
svstem. We prepare global climate models, organize
Worldwatch expeditions and report threats to biolog-
ical diversity in terms of worldwide losses. The
nations of the world unite to save whales stuck in the
ice and to put out fires in flaming oil wells. Perhaps
we have begun to see that ours is a collective future.
The more we learn about Earth, the more we come to
understand how closely its subsystems—the bio-
sphere, hydrosphere, lithosphere, atmosphere and
crvosphere—are intertwined in the production of and
response to global changes. What affects one sub-
svstem ultimately affects them all. It has also become
more apparent from our views of earth that human-
kind has been an important agent of change in the
past, and probably will continue to be in the future.
With the historical data showing our impact in the
past, and the signs of our more recent effects, we can
more accurately project trends of potential changes
on Earth that are attributable to human activity.

Gefting Down fo Earth

To bring these new technologies and the resulting
awareness of connections into the classroom, instruc-
tors can use the spectacular satellite images available
from the National Aeronautics and Space Adminis-
tration and the National Oceanic and Atmospheric
Administration. An excellent set of diverse images
from these agencies is available, with interpretation,
as “Oceanography from Space” (NASA 1989). Addi-
tional information sources are becoming more acces-
sible as well, in the form of compact disc—'read
only” memory (CD-ROM) technology. In a Joint
Educational Initiative (JEdl), images and databases
from the U.S. Geological Survev, NASA and NOAA
have been combined on three 700-megabvte CDs to
66

demonstrate the use of such scientific research tools
in the classroom (Sproull 1991). Not only can stu-
dents examine satellite photos of the Yellowstone
fires, they can detect the vegetation differences of
biomes through the seasons, model coastal flooding
to see the extent of wetland loss and compare ozone
levels in their local region with those of Antarctica.
Other biology CDs, with widely varying prices and
degrees of user-friendliness, include bibliographic
databases on “’Aquatic Sciences and Fisheries,”
“Wildlife and Fish Worldwide,”” the “Life Sciences
Collection” and the "“Natural Resources Metabase,”
covering more than 45 government databases. CDs
with images as data include “Audobon’s Birds of
America,” complete with bird calls; “Mammals: A
Multimedia Encyclopedia,” including animations and
a game; and “Down to Earth” clip art for desktop
publishing. (A list of selected CDs and sources is
available from the author.)

Many science teachers are aware of the electronic
networking that is bringing classrooms together
through the National Geographic KidsNet. That con-
cept is growing in popularity as a means of sharing
data about local environmental quality. The Backvard
Acid Rain Kit (BARK) from Canada and the Global
Rivers Environmental Education Network (GREEN)
from the University of Michigan are among new
attempts to involve students in the active process of
data collection, sharing and analysis, under condi-
tions in which the correct answers to problems are
unknown. The student’s world view is built from
within, as it should be, with relevance first to home
and then to the rest of the world.

The interrelationships apparent from the world
view technologies must enter the science curriculum
at all levels. In the restructuring efforts underway at
the national level, many of the implementation mod-
els are interdisciplinary ones. A strong focus on
understanding the Earth can enrich the science cur-
riculum and give it a relevance that will encourage
more student interest in science careers.

Teachers who are ready to get “down to Earth” will
be assisted by a Framework for Earth Systems Edu-
cation, dev cloped and validated by scientists, teach-
ers and science educators natlonally (Figure 1). The
developers feel that the Framework embodies the big
understandings that all students should have about
the Earth, whether thev are learned in biology
classes, environmental education, geography or art.
An NSF-sponsored Program for Leadership in Earth
Svstems Education (PLESE) at Ohio State University
(Maver, in press) is enhancing teachers’ abilities to
use interdisciplinary studies of Earth to enrich their
science curricula as well as to provide a more realistic
look at how scientists function. Ultimately, the goal is
a future in which decision makers champion the
Earth in their political and economic choices.
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